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INTRODUCTION. 


p 

I N publishing ilio proceedings of the Irrigation Conference held at Simla in 
September 190 1, I desire to leave .a few remarks on record for futuro 
guidance should another gathering of Canal Engineers be proposed. 

On this occasion many of the papers wore not received early enough, 
with the result that in several cases they wero only placed in the hands of 
members on their arrival in Simla. Papers should be submitted so that they 
may he printed and circulated to members at least one month before they 
leave tiieir stations for the Conference. This would give time to study the 
subjects of the papers and to collect, and note down, observations on them. 
The discussion was too conversational, it was difficult to record what was said and 
still more difficult to edit. Engineers in this country ai*e not, as a rule, trained 
to speak on the spur of the moment. It may not be necessary to havo 
recourse to set speeches, but it is advisable that those who intend to speak 
should attend armed with ample notes for ready reference. 

I think it would be an advantage if a definite result of tho discussion ou 
each subject had been formulated and recorded, and I would do this in future. 

In conclusion, I havo only to express my regret that I have been unable to 
publish these notes earlier. 

SIDNEY PRESTON. 


Calcutta ; 
loth March 1905. 
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35. Mr. Kennedy’s paper on Remodelling of Irrigation Distributaries. 

3C. Mr. Johnston’s paper on Remedies Being Carried Out to the • Siswan Snperpassage, 
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IRRIGATION CONFERENCE, 190<k 

The Honourable Sir A. T. Arundel, K.C.S.I., in opening the Conference 
said .* — 

I am not going to inflict upon you a long address, or to take any part in 
your discussions, but I should like to welcome you all here io this Conference, as 
experts in irrigation from all parts of India, and to express the hope and 
conviction that the meeting will be of great advantage fo irrigation in future. 

I think that for every branch of vhe administration it would be very much 
better if each Province wero to know a great deal more than it does of wliat is 
going on in every other Province of India. Improvements may have been in 
force for years in one Province that- arc unknown in others, and it is possible 
that systems and methods that have become obsolete may still exist in other 
Provinces from want of information. 

It seems to me that a meeting like this of yourselves, who are not only 
exports 'in irrigation, but enthusiasts in your profession, will be of very groat 
benefit in future and will act as a groat stimulus. 

I anticipate further that subsequently by inter-communication by letter 
there will he an advantage not only to irrigation systems which have 
been constructed, but also to those which are under construction and in 
contemplation. 

I only wish to again express my sincere hope and conviction that these 
conferences will be attended with great benefits in future. 

I understand that Mr. Preston will preside to-day and that representatives 
from presidencies will preside on succeeding days. 

I will now ask Mr. Preston to read a paper of a somewhat general 
character which will initiate the proceedings. 


Introductory remarks by Sidney Preston, Esq., O.I.E. 

You are, I think, all aware that the suggestion that a conference on 
irrigation matters should be held was made to me during a short tour which 
I was able to make in the Madras Presidency in February last, and I am 
glad to find that Mr. Mackenzie, from whom the idea emanated, has himself 
been able to bo present. 

I am in hopes that much good will come of the interchange of ideas ; 
there is no intention of making those meetings annual occurrences, but in 
the course of a few years such further progress may liavo been made in 
■irrigation science in some parts of India as will warrant a second conference. 

I think it will be admitted that the papers which have been prepared 
.cover a large range of irrigation practice. In arranging them for discussion 
I have endeavoured to group together papers of the same class so that we 
may not have to go through a series of mental gymnastics from ono subject 
to another. We shall find that each Province has something to teach to the 
others, some invention, or practice, which is more or less peouliav to itself, 
and if the result of our .moetiugs is that the good things of ono Province 
become" known to, and are copied by, the Engineers elsewhere the trouble 
you have all been put to in coming so far will have been more than repaid. 

Thus thO' large gates, 40 feet span and 10 feet dcop, described in 
Mi’. Mackenzie’s paper and a model of which is exhibited, arc, as far as 
I am aware, poculiar to Madras; I discovered them during my lour this year 
and I am inclined to think that as a result of the conference we shall soo 
■ them copied in the Punjab at least. Bombay has an extremely good form 
of automatic gale on the escapes of its large reservoirs. The Punjab has 
f perhaps advanced most in the matter of water distribution by oanying a 
Government distributary to every village and in surveying, aligning, and in 
;some cases constructing, the village watercourses to individual holdings. 
This has been already copied, and I dare say improved on, in Sind, The 
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United Provinces lias orectod some extremely oflicient shutters on the top of 
the Betwa weir which has increased the Btorage capaaity of the reservoir by 
40 per cent. I do not propose to detain you with a long history of the 
present state of irrigation in India, hut a brief account of the progress made 
in each Province during the last 35 years may not be out oE place. I do 
not think that generally we have improved muoli on tho grand works designed 
by Sir Proby Cautloy in the United Provinces, by Colonel Dyas in the Punjab, 
or by Sir Arthur Cotton in Madras. Our canals are still modolled on the lines 
they laid down and the improvements made since have been mainly in details, 
and this leads me to throw out n suggestion which I hope may bear fruit; 
namely, that an endeavour be made in each Province to form a gallery of the 
portraits of the Engineers who have designed, constructed and developed the 
grand works which are now in our charge, but which, in due course, we shall 
have to hand over to others. I am glad to say this has already been done in 
both the Punjab and United Provinces, and I desire now to commend the 
suggestion to the Chief Engineers of Bengal, Madras and Bombay. I eannot 
but think that it must be of interest to our successors to he able to see what 
the men wore like who initiated the groat canals of the country ; such os 
Rundall, Haig, Lovinge, McNoile and Odiing in Bengal ; JTifc, Merrimnn, 
Hughes, IVhiting in Bombay, and Ootton, Anderson, Mullins and others in 
Madras. 

Turning now to a brief review of tho progress made in each Province 
since the year 1869-70 — I have chosen this period ns it corresponds with my • 
own personal experience. 

In that year the major canals in Madras comprised tho following 
systems: — (i) the Godavari delta, (it) Kislnn, (iii) Penner and (iv) the Oauvory 
delta. The oapital expended on them amounted to Its. 1,35,71,133, they 
irrigated 1,662,539 acres and paid 17‘28 per cent. To these the Srivnikantam 
projeot was added in 1870-71 ; the Kurnool-Knddnpah in 1882-83 ; the Barur 
tank in 1888-89 ; the Bushikulya in 1893-94 and tho Poriyar in 1696-97. At 
tlio end of 1902-03, tho last year for which I have complete figures, the capital 
invested had increased to Us. 7,4G,77,59S, the area irrigated to 2,910,953 acres 
while, although tho percentage of profit had decreased to 8'7 per cent, the 
works ns a whole gave a not revenue of Its. 64,9G,35() to tho State. 

The minor works comprised 10 projects, irrigated 267,022 acres and 
earned a net revenue of Us. 2,17,551. There are now 23 minor irrigation 
schemes in operation which irrigate 584,081 acres and yield a net revenue of 
Rs. 7.39,020. 

In 1869-70 tlio major canals in operation in Sind were tho Desert, Begari 
and Eastern Kara; they cost Its. 30,34,812, irrigated about 200,000 aevos and 
gave a net revenue of Its. 1,12,122. They now comprise the Desert, Unharwah, 
Begari, Eastern Warn, Jamrao, Dad and tho Mahiwah ; they irrigated 1,072,001 
acres in 1902-03, cost Rs. 2,27,3S,9G0 and earned n not revenue of Rs. 11,43,217 
equivalent to 5’03 per cent, on tho oapital outlay. Besides these works an 
expenditure of Rs. 12,02,899 lias been incurred on the Nnulakhi and Nasrat 
canals still under construction. 

The minor works in Sind comprised two projects, irrigated 233,953 acres 
and gave a not revenue to Government of Its.. 4,32,969. There are now 7 
minor works in operation which irrigate 794,530 acres and yield a not revenue 
of Rs. 8,53,684. 

In 1869-70 the Major Oanals in operation in Deccan and Gujarat were 
the Wadall canal of Kadvn river system, Lakh canal and Krishna canal. 
They cost Rs. 10,64,345, irrigatod about 1,043 acres, but tho working expenses 
exceeded the rovenuo by the sum of Rs. 16,793. 

They now comprise (i) the Kira canal, (ii) Shetphal tank, (iii) Mhaswad 
tank, (iv) Hatlimati oaual, (v) Lower Panjhra river .works, (vi) Kadva 
river works, (vii) Lakh canal, (viii) Mutlia canals, (ix) Ekruk tank and 
(x) Krishna canal. Those works irrigated 62,258 acres in 1902-1903, cost 
Rs. 1,96,36,651 and earned a net revenue of Rs. 3,78,740, equivalent to 1*90 
per cent, on the oapital outlay. * ' 
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The minor works comprised nine projects, irrigated 1,309 acres and cost 
Government a net loss of Rs. 11,680. There are nuw 20 minor works in. 
operation which irrigate 38,237 acres and yield a net rovenuo of Rs. 27,728, 
or 0*30 per cent, on capital outlay. 

In Bengal the only irrigation v orks in operation in 1809-70 were (*) 
Kondraparah, (/V) the High Revel and (*«) the Tnldunda ennals in Orissa, 
which together irrigated 1-1,740 acres, and the Midnapuv canal in Bengal 
proppr which irrigated 3-1,702 acres- Tlio Om c a canals now irrigate 221,998 
acres and the Midnapur S7.4G1 acres. In 1875-70 the Sono canals were 
opened and irrigated 11,070 acres which has increased to 183,567 acres in 
1902-1903. The capital cost of the canals, including the Hijili Tidal canal, 
vrhich is a purely navigation canal, has increased from Rs. 1,10,17,891 to 
Rs. C, 13,51, 340, and the net. revenue credited to the Stato from Rs. 3,718 to 
Rs, 9,G4,G72. Amongst the class of Minor "Works the Sarun canals 
commenced irrigation in June I860 doing 3,287 acres in that year, hut the de- 
velopment has been small as in 1902-1903, they only did 1.431 acres. The Eden 
canal was opened in JSSD-90, irrigating 9,093 acres in that yoar, which has 
increased to 27,707 in 3902-1903. If the canals in this Province have not 
proved as directly remunerative as those elsewhere, it is more due to local 
circumstances than to the fault of those who initiated them. They have 
undoubtedly done much to protect- the Province in years of bad rainfall. 

In the United Provinces, or the North-Western Provinces as it was then 
called, tlie Major Canals in operation in 1S69-70 were (i) the Upper GangeB 
and (ii) the Eastern Jumna, while the Minor Works comprised (i) the Dun, 
(ii) liohilhhnnd, (iii) Bijnur canals and certain lakes in Hamirpur and Jhnnsi. 
Its. 2,71,30,402 lnd been expended on the Major Works and Rs. 12,37,061 on 
the Minor ; the former irrigated 1,031,173 acres, earned a not revenue of 
Rs. 21,99,147 equivalent to 9*21 per cent, on the capital cost. The latter 
irrigated 58,200 acres and earned 'a net revenue of Rs. 23,GG1. Thus in the 
year 18G9-70 the irrigation works of the Province matured 1,069,073 acres 
of crops. In 1871-75 the Agra canal was opened, irrigating 15,126 acres in 
that year; this was followed by tlio Lower Ganges canal in 1877-78 ; the 
Botwa (protectivo) scheme in 1885-80 and the Patchpur Branch of the Lower 
Ganges canal in 1898-99. 

Those increased the capital iuvested on Major Works at the end of 1902-03 
to Rs. 8,88,92,908, hut the area irrigated increased during the same period to 
2,300,180 acres and the not revenue credited to the State to Rs. 62,23,186, 
giving a return of 7 per cent. No new Minor Works have been added to those 
in operation in 1869-70, but the capital invested lias increased to Rs. 31,69,510, 
and tlie area irrigated to 337,375 acres, but the not rovenuo is still small 
amounting in 1902-03 to Rs. 87,005. 

The greatest developments have naturally been in the Punjab, with which 
in this review I will include the North-West Frontier Province, mainly becauso 
it was tlio last to begin operations. But if its canals have been phenomenally 
successful, it is as much duo to its natural advantages as to the skill of its 
Engineers. A Province which owns immense areas oE flat fertile land, six 
large rivera with perennial supplies and a small rainfall engendering a 
continual demand, was bound to make rapid progress when operations were 
onco started. 

The Major Works in operation in 1809-70 wore (i) the Western Jumna 
and (ii) the Bari Doab canals, while in tlie class of Minor Works were tlio 
Upper and Lower Sutlej Inundation canals, those from the Indus and Ohenah 
and some small tanks in Delhi and Gnrgaon. 

Rupees 3,55,77,178 had boon invested in the Major Works, they irrigated 
730,170 aores and earned a net revenue of Rs, 17,20,078, or 11*08 per cent, on 
capital outlay. Tlio Minor Works irrigated 530,910 acres and gave a net sum 
of Rs. 1,87,101 to the Stato. 

The following additions have been made to the Major Works. In 1882-83 
tlio Sirhind canal was opened, in 1881-85 the Lower Soliag and Para canals, in 
1885-80 the Swat River ; in 1886-87 tlio Sidhnai canal ; in 1887-88 tlio Chonal) 
canal as an inundation system which was converted into a pevonnial one and 
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large extensions commenced in 1892-93 ; in 1890-91 several subsidiary canals 
from the Ravi river in connection witli the Sidhnoi ; in 1891-92 the Sirsa Branch 
of the Western Jumna canal and in 1901-02 the Jholum canal. The ten years 
from 1891-92 to 1901-1902 were occupied in extending the Clionab and in the 
construction of the Thelum canals. All these schemes and numerous extensions 
of the older ones increased the total capital expenditure at the end of 1902-1903 
toRs. 12,28,03,973, in which year the area irrigated amounted to 5,038,046 acres 
and the net revenue to Us. 1,32,26,027, giving a return on capital of 10*76 
per cent. 

During the same period very considerable additions were made to the 
Minor Works in charge of the Canal Engineers. In 1880-81 the Muzaffar- 
gavh Inundation canals were taken over from the Civil officers ; these were 
followed by tho Hajiwnk in 1888-89, the Shahpur (Provincial) canals in 
1894-95; Kabul River canal in 1808-99; tbo Rangoi canal in 1901-1902 
and (ho Ravi Inundation canals in 1903-1904. In 1870-71 a series of Inundation- 
canals in the Shahpur distriot were purchased by the Imperial Government 
and the Ghaggar canals wore opened in 1897-1898. These and considerable im- 
provements in all tho systoms increased tho capital expenditure on Minor Works 
at end of 1902-1903 to Rs. 17, SO, 452, in which year those for which capital and 
lovenue accounts are kept irrigated 235, 0S7 acres and brought in a net revenue 
of Rs. 2,13,993. 

There remains tho Provinco of Burma. In 1869-70 tho amount invested 
in Provincial minor irrigation works amounted to Rs. 14,04,930; this had 
increased at the end of 1902-1903 to lls. 34,03,416. Complete statistics of the 
area benefitted are not available before 1891-02, but in that year 612,700 
acres were benefitted mainly by tlic embankments which kept back disastrous 
floods. In 1902-1903 this had increased to SI-5, 020 acres. Three major canals 
are now under construction and in 1902-1903 tho Mandalay canal did 7,223 
acres of irrigation. 

As tho result of tho rocent famines in tho Central Provinces the Govern- 
ment of India have sanctioned tho construction of a number of reservoirs and 
many more are in contemplation, and that Administration will soon bo added 
to tho list of irrigating provinces in India. 

The progress made in the Inst 35 years in developing irrigation may then be 
summarized as follows. 

30 new Major Works have been constructed and openod. Tho capital 
invested has increased from Rs. 7,44,02,061 to Rs. 39,7S, 01,100, the area 
irrigated from 3,G55,057 acres to 12,222,G90 acres. 

The area irrigated by Minor Works of all kinds has increased from about 
4,000,000 acres to 7,578,583 aores, so that during the year 1902-1903 tho 
Government irrigation works irrigated tho largo area of 10,801,273 aores. 

I will not refer to tho future : there are still some largo works to carry out 
in Madras, the Punjab and Sind and numerous smaller ones in other provinces, 
and I envy the younger members of our profession who will have the charge of 
them and who, in another 15 or 20 years, will bo able to record a vast increase 
in tho area irrigated in this country. 

'Ike papers sot down lor discussion on Monday morning were as follows 

1. Mr, Mackenzie’s paporon “Smart’s Shutters.” 

2. Mr. Yisvesvaraya’s Description of the Blintgarh Reservoir Gates. 

3. Mr. Yisvcsvaraya's paper on Automatic Waste Weir Gate of Lake Fife. 

4- Mr. Netlicrsole’s paper on “ Falling Shutters on the Paviclm Weir.” 

5. Mr. Purres* paper on “ Klianki Weir Shntturs.” 

, ^ r * Prcstou, who presided in opening tho discussion, said the papors 
divided themselves in two groups — 

(1) gates suitable for escape weirs ; 

(2) gate suitable for rivers either on a raised woir or in place of a weir, 

• ■> T H° B , llat S liar a™ 1 Lak . c automatic gates were examples of the former 
while the Fariclia, Khanki and Smart’s shutters wore instances of the latter. 



5 


Extremely good working models of all these were exhibited and photographs of 
these are reproduced.- Some time was spent in demonstrating the working and 
in conversation round them. Mr. Preston drew attention to the enormous 
surplus power provided by tbe Madras Engineers in connection with the 
socallecl Smart’s shutter; not only is the shutter fully counterbalanced, so that 
there is nothing to overcome, but friction, yet a quadruple purchase winch has 
been provided. 

Mr. Davidson explained that as the shutter bad to go down by its own 
weight, it is necessary to lift the counter weight ; this was admitted but as these 
weights are only 14 tons each it does not seem necessary to have such power- 
ful winches and it seems possible the cost might ho reduced. 

Mr. Preston invited attention to the large span of tlieso shutters, v its., 40 feet, 
which was he believed the largest in India although he understood Mr. Mackenzie 
has visions of 80-foot spans in connection with the Tungabliadra project. 
Mr. Preston thought it was a matter for consideration and discussion as to what 
the practical and economical limits were. Mr. Mackenzie was asked to state the 
advantage of an 80-foot span. He did not think that in a matter of this kind 
economy was a matter for serious consideration : the difference in cost would be 
a bagatelle in such large works, lie thought it would be easier to work a 
regulator with 80-foot shutters as there would be half the number of 
gearings, etc. 

Mi. Marsh objected to these large spans as there is no second line of 
defence in case of anything going wrong with the shutter or gearing. He 
said that in all the old works with small openings it had been usual to 
provide one or two sets of grooves up and down stream of the shutter in which 
planks, backed by earth, could he placed in case of any accident to the 
gate, or it is possible to place baulks of timber aoross the upstream noses 
of the piers. He pointed out that with these large spanB any of these devices 
would be impossible and he asked what would be done if the gate got jammed 
and would not go up or down as required. It was admitted by the Madras 
Engineers that nothing could be done hut cut the chains, if the shutter was 
up, and to let it drop, it was thought it would he unlikely to get jammed as 
the recess in which it works is a wide one. Mr. Marsh was not satisfied and 
thought some second line of defence should be devised; he had known instances 
in the United Provinces in which gates had got jammed and in which hopeless 
damage would have been done if there had not been a second line of defence. 

Mr. Preston thought that some moans of getting the shutters up or down 
would certainly he found by the Engineer in charge ; these large spans had 
•been in use in Madras for 3 or 4 years and no instance had yet occurred in 
which there had been difficulty in working them. Mr. Davidson had said 
they had given the Engineers complete control over the regulation of the 
Tanjore delta and they undoubtedly gave immense command over the river as 
having no raised weir it is possible to scour deposits from the river anywhere. 

Mi'. Preston invited attention to the great difference between the coarseness 
of the sand in the Madras delta and that found in the rivers of the Punjab and 
United Provinces and he had the specimens of the sand from most of the rivers 
in India, which were collected by Mr. Spring when writing his monograph on 
river training, produced for inspection. He pointed out that the sand of the 
Madras river was like boulders compared with that oE the upcountry rivers and 
this would have to he taken into consideration in comparing the cost of a 
barrage of the Madras type with that of a weir with falling shutters. He 
was much struck in visiting the Madras works at the small amount of 
protection which was found necessary up and down stream of the works and 
this was largely due to the much coarser material in the beds of the rivers. 
The. Madras Engineers were much to be congratulated in having such material 
to found in. Mr. Preston thought it would be of great interest, if the Madras 
Engineers would state ' the cost of their barrage with large shutters per foot 
run, or per span, so that upcountry men could compare it with that of a raised 
weir with falling shutters and undersluices ; of course the latter would have 
to make allowance for the different foundations which would he neoessai’y due 
to the difference in the quality of the sand of the river bed already alluded to 
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MONDAY AFTERNOON. 


The papers set down for consideration wore — 

6. Mr. White’s on “ Suction Dredgers.” 

7. Mr. Stawell’s on u Sone Canal Head Works.” 

8. Mr-. Marsh’s on “Weirs in Eohilkhand.” 

9. & 10. Mr. Hutton’s on the Financial Results of the Deoband Branch, 

Tipper Ganges Canal and of certain Drainage Cuts. 

Mr. C. A. White, who presided, in introducing his paper suggested that 
its subject u Suction "Dredging ” is of the very greatest importance for the 
prosperity and advancement- of India, aud Suction Dredging should be univer- 
sally adopted in India. On the second page of the paper ho detailed four 
different works for which it is suitable. 

He said as regards Harbours, that a few months ago returning from 
England be was kept waiting outside the bar at Karachi for want of water. 
Inside he saw a few bucket dredgers raising their 1,000 cubic feet an hour or 
less. Karachi is an excellent place for Suction Dredging and land reclamation, 
either on the system, so successfully adopted in Antwerp, as illustrated in the 
paper, or by Mr. Darley’s system of dumping it in some suitable place, and 
pumping it thence on to the land to bo reclaimed as is practised in Now South 
Wales. 

Any one who has been to Karachi knows there are large swamps round 
the harbour and docks which would be valuable building ground if reclaimed. 

The particular points on which ho invited discussion are noted at the 
bottom of page 2 of the paper, and are as follows : — 

(а) the best type of dredger to out a channel D miles long with 100 feet 

base, 5 to 10 feet depth, in a river like the Bhagirathi, which is, 
say, half a mile broad, with depth of water varying from 3 to 25 
feet, and velocity from 1 to 5 miles an hour ; 

(б) the best means of disposing of the soil; 

(c) the best means of handling the dredgers ; 

(d) the number of suction pipes and nozzles to be used for cutting 

the channel mentioned above to a fairly level bod. 

Continuing Mr. White said, you arc no doubt aware the Bhagirathi is the 
river connecting the Ganges and the Hooghly and is the direct river routB to 
Calcutta from upcountry. Government is anxious to open up this channel 
which has deteriorated, and proposes to obtain a large Suction Dredger for the 
purpose. 

. No discussion followed these remarks, as the subject iBono on whiob oanal 
Engineers in India have bad no practical experience. It was generally 
considered that tho paper was interesting as bringing tbe subject, to tbeir 
notice, but owing to the cheapness of labour in India the great proportion of tho 
canal cloarance work is effected by coolies when the oanals are closed. 

Tho meeting thou proceeded to tho consideration of Mr. Stawell’s paper. 

Mr. White said — It is very interesting to bear that Mr. Buckley has suc- 
cessfully introduced the system of hydraulio gear for releasing the under- 
sluices of the Sone Head Works, a system ho so strongly advocated for India 
when he read a* paper before the Institution of Civil Engineers in 1880 on 
'* Moveable dams in Indian weirs,” a copy of which can bo found in the 
" Professional papers on Indian Engineering ” dated April 1880. 

+ A moro elaborate system than that described in this paper was invented 
by Mr. Girard in 1869 for regulating a navigation weir at llo Brulde on the 
Yonne River by which any shutter (lli' long by 6' high) oan be raised or 
lowered at will. 


* Fide — Minutes of Ptoceodinc I. C. E. Vol. LX. (Pnjier No. 1670). 
t Fide — Hirers and Canals by L. E. Vernou-Harcoarfc page 120, Edition of 1832. 
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Hydraulic power must give a much greater control over the weir, than 
any other means, obviously the next thing to be done for the Sono weir is to 
provide hydraulic power for raising the underBluice gates 'when funds become 
available. 

He suggested that more control could be obtained over the crest shutters 
if the tie rods were fixed at different heights, so that the shutters fell with 
different heights of water. - This was successfully done for Midnapur weir and 
also to the shutters of the Paricha weir. . - 

The concluding remark of Mr. Sta well’s paper is an important one, it 
reads— 

“ The improvements described above are due to Mr, &, B. Buckley, late 
Chief Engineer of Bengal. They have given more control in the 

. working of the weir and enable a fairly constant head being kept 

in the river to meet the demand for irrigation ; the only thing now 
needed being some means whereby the crest shutters of the weir 
itself can be controlled and some method of lifting the lower 
' undersluice gates or assisting the manual labour now employed to 

pull them up. Some system of scouring pipes is also require to 
clear away the sand and silt that collects in front of the upper gate 
when it is raised and which has to be cleared away by divers 
before the gate oan he laid down.” 

It has several times been proposed to close the contro sluices of the 
Madauuddy weir, Mr. Illiind was opposed to it. The speaker revived the idea 
a few years ago, but believed the pvoposal was again negatived. 

An Engineer held up, as an argument against closing the centre sluioes, 
the evil results that had happened from closing those of the Sone weir, saying 
tliat the result was that when a flood came, the pool in the river bed down- 
stream was not filled quickly enough, so that a standing w;ave was formed at 
the bottom of the apron, which broke up the pitching. 

Mr. Stawell can doubtless say if there is anything in this objection, and 
also if closing the centre sluice has caused any increase in the height of the 
flood, be mentions that it has increased the duration. 

Mr. Stawell in reply said — On the Sono Canals system the most important 
time is the kbarif irrigation for the rice crop ; a time when the river is most 
liable to heavy floods. 

l 7 rom observations made it has beea decided that in order to keep silt out 
of the canal and to avoid an excessive expenditure on dredging it is advisable 
to keep the undersluice gates up as long as possible and that, when the flood 
necessitates all the undersluices being dropped, the canal head should be 
entirely closed and kept closed until, at least, five of the undorsluices have 
been again raised. 

To avoid any undue strain on the undersluices and on the chains holding 
up the gates the shutters on the weir are dropped when the river rises in flood 
to a level of 10 - 50 on the gauge. 

The retention of the shutters until the flood reaches this level has been 
'rendered possible by the hydraulio gear of the undersluices. Whether they 
could be left up without risk for a higher 6tage of the river lias not yet been 
decided. The experiment is risky as the whole of the undersluices might be 
carried away as has happened ouoo before ; or the weir shutters themselves might 
•he badly damaged if more than about 6" of water was allowed to fall over them. 
There is also the difficulty of getting at any particular shutter on the weir if 
anything went wrong with its releasing gear, should a considerable depth of 
water be flowing over tlie top of it. It would bo almost impossible to get out 
the movable foot bridge, which is the only means of getting at any indivi- 
dual shutter. The raising of the undersluioe gates is a difficulty. At present 
.only 4, or at the most 6, can be raised in a day owing to the sand that accumu- 
lates when the advance gate is raised, this prevents it being laid down flat on 
the floor till the sand has been cleared away ; this lias to be done by men 
diving down and clearing it with their hands. 

The needle weir admits of the undersluioe gates being raised at a higher 
.Stage of the liver than formerly, hut the higher the river level the greater the 



quantity of sand doposited when the front gate is got up and therefore the 
greater the delay in getting up any number of gates. This contrivance is 
therefore, practically, very seldom used and only in eases when tlicro is a great 
demand and there has been a fairly long closure of the canals. 

It is also advisable not to lift the front gate at too high a stage of the river 
for fear of damaging it by the shock. This, even with the needle weir, is 
considerable with a high gauge : and there is still danger of tho hydraulic 
rams being driven through the gatos, as has happened, although it is much less 
than it used to be. 

The crest, shutter? on the weir can only be used b* keep up the lovel of 
the river after the undersluice gates nave been raised. To lift them first 
would not mend matters at all as they would only tend to raise tho lovel of tho 
river and delay the raising of the lindcrsluiee gates and the opening of tho 
canal. If the canal is opened before some of the undersluice gates are up 
the head reach becomes choked with silt and if some of them have to be got 
up, it is as well to get all up before raising ihe crest sli utters. 

The difficulty with the sand, which prevents the undersluice gates being' 
raised rapidly, can only he overcome by introducing some system wheroby the 
deposit, can be scoured out and carried down below tho weir. Mr. "White had 
suggested that more control could be obtained over the crest shutters if the 
suspension rods were fixed at different heights. This lias to a certain extent 
been done, and has been fairly successful. The difficulty, however, is to fix the 
rods so that the shutter will fall at a reasonable height of flood and avoid any 
pounding on, and damage to, tho weir packing due to water falling over the 
top of the shutters. 

Regarding the effect of closing the centre sluices it is hard to say anything 
definite. There is no doubt that the duration of floods has been increased ; 
bul there are no records available to show what increase has been made in the 
height of flood above tho weir. 

One of the objects of the centre sluices was to fill up tlic pool bolow the 
weir and prevent damage to the toe of tlio slope. In 1903 there wore three 
breaks in the weir slope. This was due probably to the low floods not having 
filled up the lower pool and the standing wave acting on the too instead of, as 
was formerly the enso on tho slope, this would induce a scour, with the result 
that the toe eventually gave way. In 1904i the toe was extended in order to 
prevent this action as far as possible. 

It does not seem that the application of hydraulic power is possible to 
raise tho undersluice gates. The force to ho employed to overcome tlic resist- 
ance of tho water going through tho undersluice vents would ho enormous 
and tlic shutter would have to he oxtrcmcly strong to resist it. 

Mr. Stawell would have a shutter on tho weir crest over which thoro 
would bo perfect control and which could easily be lifted against a head of 
2 feet ; tho length of the Sone weir is against any of the present patterns in use 
on other weirs. Hydraulic power could be utilized for this, but tho expense 
would be great and would entail a good deal of alteration to the weir itself. 

Referring to tho paper by Mr. Marsh on weirs in Roliilkhand, Mr. White 
circulated plans showing tho sites proposed for two weirs across "tho rivers, 
Bagratlii and Kurala in North Bohar. Ho said the conditions of both are 
very similar, tho lands to be irrigated are subject to famine and lie along tho 
Nepaul [Frontier, for this reason tbo weirs must be placed as close as possible to 
the boundary, there aro also other limitations which fix tho silo of the weirs 
and prevent their being built further away from tho frontior. 

In both eases tho main river is at present running along the bank opposite 
to that on which the canal will take out ; in tho case of the Bagratlii there is 
some room above tho weir on the right whore training works can he constructed 
to force tho main channel over to tho left hanlc from which the canal will take 
off. But in the ease of the Kumln. tlio only way to bring tbo river to tho 
head sluice appears to be by damming the river above and making a cut thence 
across to the undorsluices. As against tho probable success of this scheme 
it may be noted that at the head sluice of the Western Jumna Canal it has 
674 E. & A., 0. VT. * a 
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teen found that undersluices are powerless to influence ,the current of the rivet 
for any great distance of stream and it is sometimes necessary in the cold 
weather to make ft cut through the heavy shingle deposits above the weir to 
lead the water of the river to the head sluice. Also on the Upper Ooleroon in 
Madras although the undersluiees are one-twelfth of the whole weir yet the 
weir channel above silts up. A railway is contemplated near the Bagrathi 
weir and a bridge will be required a little lower down, hence the suggestion 
has been made that as the sites were so limited a combined railway bridge 
and weir might be constructed, no such conjunction was known to be in actual 
existence in this country, hut it was considered that it would he quite feasible. 

Mr. Preston said that in his opinion it would he better in the case of the 
Kumla project to force the river hack into its old channel along the eastern 
hank if the Nepnul Durbar would agree. If it would not, he would accept the 
conditions as they exist, extend the canal across the old silted up channel 
and build the head works on the existing river channel even though the 
foundations would he in sand instead of in clay. None of the members of the 
Conference knew of an instance of a railway bridge being combined with a weir, 
hut several thought there would be no objection if any advantage would be 
gained by it. 

The papers by Mr. Hutton are interesting as a record of works which 
were successful from a revenue point of view, but these subjects did not lend 
themselves to discussion. 
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TUESDAY MORNING. 

The papers set down lor this sitting were as follows : — 

11. Mr. Beaton’s on Silting Operations to Strengthen High Canal Banks. 

12. Mr. Benton’s on Proposed Syphon for Passing the Lower Bari 

Doah Canal Under the Ravi River. 

13. On Thapangaing Aqueduct, Mandalay Canal. 

14s. Mr. Farrant’s on Steel Tube Syphon, Swat. River Canal. 

15. Mr. Farrant’s on Proposed Scholar Superpassage, Upper Jhelurn 

C-anal Project. 

16. Mr. Kennedy’s notes on “Absorption Losses on Canals. ” 

Mr. Benton, who presided, called on Mr. Kennedy to open the discussion. 
The latter said he thonglit definite rales should he issued that in all new schemes 
the hanks should he sat back as proposed by Mr. Benton wherever there is likely 
to he any danger of breaching. As to how much this should bo, the best criterion 
appears to bo the inclination of a line joining the outer toe of the bank with 
the edge of the water surface, after the inside silting is completed. By roughly 
drawing out various sections, he arrived at the conclusion that this inclina- 
tion should be not less than one in six and in special eases should be more. 

There are howeTer still many cases on the older canals where it is too 
late to use internal silting, and sooner or lalor it will be necessary to have 
recourse to the “ Long Reach ” system, whore the whole canal is turned into 
outside reaohes. Cases arc very frequent where outer hanks have been made 
up for this purpose, but owing to their being too near the inner banks to 
carry tlio wholo supply, they have never been used, and i£ they had been, 
thcro would hare been no silt deposited from the velocity being too great. 

In such cases also definite instructions are required, and in order to arrive at 
these, we must assume that the final silting of bed of these outer reaches will reach 
a certain depth below full supply level. For whatever period these silting 
reaches are allowed to go on working, a limit of deposit would eventually ho 
reached, fixed by the increase in the velocity of flow as the bed silted ; and 
ultimately the limiting depth of the water would he such, with the given, 
discharge and bod width, that the oritical velocity (Vo of Kennedy’s diagrams) 
for that depth would he obtained. Now it is known from experience what these 
critical mean velocities are for various depths, and it will therefore ho quite 
simple to make out a rule for tlio width of these long outside reaches ; once 
it is decided to what depth, below full supply level, silting is to lake place. 
Mr. Kennedy suggested that for small channels this might be 2-0 feet, and for 
largo canals, where the cost of outsido land was high, it might ho 3*0 feet. 

Then Let D = Discharge. 

B=Bed width of outer reach. 

For a depth of 2'0 feet Vo= 1-3, and for 3'0 feet depth V 0=1-7; then wo 
have the following : — 

For silling up to 2 feet below full supply level D=2Bxl’3 or B=g^ 

Ditto 3 feet ditto D=3Bxl’7 or B=^j 

Tho widths B, thus deduced, are really the average widths of flow in the 
outer reaches in the final stages, *.<?., just below full supply lovel, or roughly 
the width between the outer and inner banks just below the water line. The 
last foot or so of silt would he deposited very slowly, and if it is desired to com- 
plete up to tho 2 feet or 3 feet limits in reasonable time, and without having 

recourse to the wasteful system of «* in and out ” reaches, a greater brendth 
— than tho above expressions allow must be given. Assuming that 
instead of waiting till Vo is reached, it is stopped when 0‘80 Vo obtains, then 
the above values of B would he — 

, , for 2’0 feet depth .... 

and for 3-0 feot 

• c a ■ 
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So that finally, as a rough and ready rale, it is found that the values of B 
should never be less than half the discharge in small channels ; but for large 
canals may he as low as one-fourtli the discharge, provided in this latter ease 
we are content with the limit of 3‘0 feet full depth below full supply level. 

These widths arc unexpectedly largo and in may cases will be impracti- 
cable. Thus there is a sito on the Western Jumna Canal where one bank only 
is very dangerous, and the discharge being 6,000 cusees, the width required 
would be (?— ) =1,500 febfc. Here it will be necessary to be content with silting 
up to 4 feet below full supply level and this would still require a width of 
about ( 0 ~2)=920 feet. When this limit has been reached, part of the outer 
silt and outer bank will have to be used to raise an outer very wide berm to 
the original canal bank, up to full supply level at least. 

Mr. Benton thought the difficulties discussed by Mr. Kennedy do not 
presont themselves in practice : he said that what happens is that side silt 
beims form, and a channel of the same area as the canal and of about the 
same width and depth ^remains to be silted up by the “ In ” and “ Out ” 
system : this is what had actually occurred on the Clienab Canal. 

Mr. Hill said that in Bombay at any place they specially wanted to 
protect below a regulator or a bridge, recourse was had to bushing ; the bushes 
were put in at intervals of one yard, and it then silted up very rapidly ; in order 
to silt up the berms a doublo row of planks has never been used. 

Mr. Kanthaclc remarked that on the Jamrao Canal spurs the bushes were 
packed very tightly ; Punjab practice is to leave them as open as possible with 
a view simply to break the velocity and thus encourage the deposits of silt. 

Mr. Hill replied that in that instance the canal was scouring the sides 
of the bank, a very different matter ; the water was not above the level of 
berms. 

Mr. Nethersole said the United Provinces practice was to set back the 
banks in preference to other devices for strengthening them. 

Mr. Johnston referred to the Lower Ganges Canal having been made 
double the size requited, and enquired if this had been corrected by silting up 
the surplus width. 

Mr. Marsh said the canal was not made quite double the width necessary ; 
the authorities cut down the scope of the scheme. The facts were, there was a 
great deal of the tract commanded that was originally meant to be watered, which 
was fairly protected by wells, when this was eliminated from the scheme a good 
deal of the channel was too big. When tlio Nadrai Aqueduct was wrecked, tho 
first 30 miles of this channel was used largely to pass water away into the 
escape. Weeds grew and became a nuisance ; and Mr. Bercsford commenced 
to contract it to obtain a higher velocity ; this swept away tho weeds and 
roots. Mr. Marsh carried on that principle by putting the earthen spurs still 
closer; and thus got an invaluable berm along the edge, 

Mr. McLeod continuing this subject said in the first instance the spurs 
were kept 1 furlong apait, then at half furlong intervals and lastly at 55 
yards. The main ones are protected, the others merely turfed ; they stood 
perfectly well. There is very little jungle wood availablo near the Lower 
Ganges Canal, so it could not he used as, Mr. Benton said, is the practice in 
the Punjab. 

Mr. Marsh said he was for many years a great advocate of brushwood 
spurs ; they answer perfectly well for half the year, then, as soon as a closure 
comes, they are exposed and rot. 

Mr. Hill enquired from the President what width he would recommend 
banks to be setback; be said that on the Jamrao Canal some of the banks 
were set back 50 feet. 

Mr. Benton thought they should be set hack sufficiently far io give a 
good substantial bank, say, about 15 feet ; in the case of a canal crossing a 
very deep depression 30 to 40 feet might be advisable. 

Mr. Preston thought there are two considerations which come into play, 
(1) the amount of earth given by the grading for making banks, that is to say, 
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the amount the bed is below, or possibly above ground, on which depends the 
amount of earth required from borrows to make up the minimum banks, (2) 
the amount of earth required for the ultimate bank ; if there is sufficient earth 
from the digging, then the question is merely one of setting hack the hanks 
sufficiently far to got a watertight hank ultimately. The first question 
determines the amount of earth required to be dug in the interior of the 
channel ; the second is simply a question of getting the silt for a watertight 
bank. Punjab practice has boon to endeavour to obtain a 10 feet silt berm, 
and he thought that is ample ; if a silt deposit of 10 feet could ho obtained, 
he thought- there would not be much leakage. An excessive width of silt berm 
encouraged the growth of jungle and required considerable expenditure on 
maintenance. He therefore thought ton feet is sufficient to set the bank back 
if there is enough earth in the excavation to make the banks, if there is not 
sufficient, they should set back sufficiently to got the soil required to make the 
normal hanks. 


Mr. Benton's paper on the Syphon Proposed for Passing the Supply for Lower 

Bari Booh Canal Under the Ravi. 

Hr. Preston Baid he would like to know the basis for the statement in 
paragraph 0 (ii) ,s that the steel tube syphon with §" plates could not be 
regarded as a permanent work since the tubes would have to bo renewed at 
great cost in about 25 or 30 years.” If it is a pure guess, based on the sup- 
posed life of cast iron pipes used for convoying water for the supply of towns, 
he would not be prepared to endorse it. He thought the matter is important, 
and the circumstances would be much altered if instead or being 25 to 30 years 
it proved to be 50, 60 or 70 years. He regretted that he was unable to give 
data on this point, hut he was able to indicate where it might be obtained. 
Twenty-two years ago lie had built a syphon of tbiB description, under the 
Sutlej Navigation Canal. Speaking from memory, it consisted of either 
-a" or ■}" boiler plate, and was set in 18" of concrete. He had never heard 
of any trouble in connection with it. He thought that if the Punjab 
Engineers could dry this syphon and boro through one of the plates, it would 
give valuable experience and be worth spending a few hundred rupees in 
making an inspection of the condition of the plates. The drawing must 
ho in the Executive Engineer’s office showing the material used in it. If 
this were done, it would be possible to deduce something for guidance in future ; 
at present we have nothing to go on in determining the life of iron in those 
circumstances. 

Mr. Marsh said there is an iron syphon near Saharanpore which was built 
in 1860 ; it has worked satisfactorily. 

Mr. O. A. White also knew of a 3£' pipe which was laid in the Panjea- 
' para rivor in 1889; it was made of iron plates, the whole being sunk below 
water level ; the other day ho enquired how it was answering and was informed 
that it is as good as ever ; it is in salt water and has got a liCtle silted up ; it 
passes 25 cusecs. 

Mr. Benton considered the, suggestion a very important one and he 
undertook to carry out the examination suggested, the result is given in 
Appendix A below., 

Mr., Kennedy said if a masonry syphon is possible at all, the design is 
very suitable and sound in every way. Tho only extra precaution he could 
suggest is, that the upstream side spurs should he longer and more like ” Bells 
Bunds ” with curved ends, as otherwise tho river might easily get behind the 
ends of the syphon. Tho possibility of unwatering down to 27 feet or even 20 
feet below spring water level seemed to him more than doubtful. Tho whole 
■foundations would become more or less a quicksand and under suoh conditions 
it would he impossible to onsure a really sound concrete foundation slab — parti- 
cularly as the thickness under the inverts is only 1*4 feet. Sand would bo sure 
to blow up with subsequent settlement and cracks. It is one thing to pump 
down to suoh depths for a weir, when merely loose stone is filled in, and subse- 
quent settlement is immaterial, but quite another thing when the foundations 
must be absolutely stable. 

674 ii. & a., C. w. 
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Tho alternative of a weir to pass the water across the river seems to 
deserve more consideration and may possibly turn out the best solution of the 
problem. Tho objection to the great amount of heading up required, 8' to 16' 
i paragraph 5), may he to a great extent remedied by taking the crossing 5 or 
10 miles farther up the river, i.e., keeping the canal levels on tho left hank of 
the river as fixed at the present reduced level. The gain in this respect would 
of course depend on the difference in slope of tho river and canal which is 
prohahly about one foot per mile. No undorsluiees should ho necessary here 
and a simple shutter woir, 1,300 feet long, would he all that was required, costing 
probably much less than a syphon. A collateral advantage in a weir would he, 
that in ease of need a supply could be sent down to tho Sidhnai Canal, and 
sooner or later, at certain times of the year, this would be required. In fact 
even if a syphon be built, provision should be made for passing a supply into 
the river for uso in the Sidhnai Canal if not merely to act as a safety escape. 

Mr. Benton in reply said he had had an alternative design prepared 
with the whole work raised 7 feet, which would reduce pumping from 27 feot 
to 20 feet, but would involve lengthening of the syphon aud building tho work 
at a level which would make it a weir 3 feet in height over mean bed level of 
the rivpr, while the cost would bo 2-£ lakhs of rupees greator than that of the 
design under consideration. Tho river basin does not offer any facilities for the 
alternative proposed by ilr. Kennedy which would involve heavy expenditure 
on training works. It is recognised that long spurs are dosirable in connection 
with the syphon, and that heavy cost is the only objection : they will he made 
of sullioient length to ensure safety. As rogards the supply of water to tho 
Sidhnai Canal it must be remembered that water thrown in at the syphon cross- 
ing would he mostly lost in the dry bed of the Ravi before it reached the Sidhnai 
Canal head works; 4,000 cusecs might be lost in the distance to be traversed. 

Mr. Kennedy had said no undorsluiees would be required; but be 
( Mr. Benton ) was of opinion they would bo necessary, as it would be impos- 
sible to take off from any river like tho Ravi without undersluices. 

Mr. Marsh enquired whether if water was lost to the Sidhnai Canal it 
would not benefit the lands, hut was informed that there is no hadir or low 
lying laud on tho banks of a river to tho Ravi in this length. lie suggested 
that it might inoreaso the spring level, but Mr. Kanthaok who knows the 
locality did not think it would. Mr. Marsh, continuing, said that recently 
in connection with the proposal to convey water from the Sarda River to the 
Ganges it had boon estimated that a scheme similar to that suggested by 
Mr. Kennedy would be better than a syphon. 

Mr. Nethersole also thought level crossings had been found advisable 
where they could be arranged. Mr. Rose objected on the grounds that a level 
crossing meant loss of water. Mr. Benton had estimated that the loss by 
absorption in 200 miles of the river Ravi would ho 4,800 cusecs. 

Mr. Preston suggested that this might be a case in which a barrage of 
the Madras type with gates of large span might bo most suitable. He said 
that in his official capacity he would have to noto on tho work now under 
consideration, and he would bo very glad to know the cost of a crossing on the 
Madras principle. He believed the bed of the Ravi is clay which would make 
it very suitable. 

Mr. Maconcby enquired whether a lot of silt would not colloct above 
the gates, and Mr. Benton added that it would be necessary to consider this 
question ; it was stated at tho .previous days’ discussion that in Madras there is 
not as much fine sand as in the Punjab rivers. 

Mr. Davidson admitted that although tho material in Madras is not so 
fine there is a lot of Band and the canals do silt up for tho first mile or so. 
.He thought the gates across tho whole river would, to a great extent, 
remedy this, ns when tho river is in flood instead of checking it by a weir the 
.gates would he raised to let it go past carrying the silt with it. The view he 
took of the advantage of these gates was as the river falls the velocity decreases 
and the movement of sand is very much reduced. By the time the gates are 
lowered tho velocity lias' been so far checked, that the same .amount of sand 



is 


cannot be carried as before. The sill on which the gatos fall is absolutely on 
bed level tlms offering no obstruction, the sill of tlic canal should be above river 
bed level, and its alignment at right angles to tlic river. 

Sir. Benton agreed that the suggestion for a barrage, if the cost will not 
forbid it, is perfectly practicable and has many advantages ; it would bo neces- 
sary to consider (l) first cost, (2) cost of renewals, (8) cost of maintenance 
and establish incut on flic works. In reply to Mr. Baker he said it is not abso- 
lutely necessary to study economy too closely if the work is really advisable on 
engineering grounds, but it is very desirable to do so as engineers must consider 
both economy and efficiency. 

51 r. Hose invited attention to the question of downstream protection 
It seemed to him that with a discharge of 200,000 cusecs in the river and 
with a berm of 50 feet vido and 3.1 feet thick, the apron shown in the 
design is quite insufficient : the action on it will be very great, and he 
thought there should ho considerably more prof eetion downstream tbau is 
proposed. 

Mr. Benton admitted it may ho' desirable; it is a question of how 
much is necessary under the circumstances which arc rather unusual ; in this 
ease the foundations are very deep and it is scarcely likely that the work can 
ever fail by scour, and in any circumstances the protection can be increased 
afterwards if found necessary. Thero is no reason to suppose that tlie founda- 
tions will consist of a quick sand. 

Mr. Preston referred to paragraph G (?) of the paper in which it is 
said ** the cost of a tube syphon would greatly exceed that of a masonry one, 
the amounts of the two estimates being Its. 22,82,BG7 and Es. 19,S9,B70, 
respectively.” He did not question the statement which is doubtless founded 
on estimate, hut he was extremely surprised it is so and would like to know 
the reason. 

Mr. Benton said that steel tubes ',} inch thick and 11*4» feet in diameter 
would require to be cased in a mass of concrete about 15 inches in thickness 
since a foundation for them would he required ; also some protection would 
be necessary on the top : this casing enhances the cost. It had been estimated 
that if cased in clay a steel syphon would be cheaper, but lie considered 
it very necessary to have concrete to prevent deformation and collapse of the 
tubes. Ho had considered the use of reinforced concrcto for these tubes. A 
G-incli layer of cement concrete would be required at the top for the steel to bo 
embedded iu, while it is uncertain if the Portland cement and Icanlcar lime 
concrete will have the same rates of expansion and contraction and continuo 
to adhere togotlier. 

Ml’. Stanley suggested that a thin arch of cement concrete would bo 
sufficient for all purposos. A thickness of 8 inches at the outside at the crown 
of reinforced concrete promises to answer, and he gave measurements of mate- 
rials employed in the construction of a Light House. 

Mr. Benton, however, considered a strong wearing protoction coat is 
required at river bed level, and was of opinion that thin unprotected arches 
would be unsafe. He was, however, prepared to consider the question of re- 
inforced concrcto, but as a groat deal will depend on the syphon it would bo 
advisable to have somo experiments made before implicitly relying on this 
dovicc. 

Mr. Mackenzie enquired if it is necessary for reinforced concrete to 
bo made with Portland cemonl. 

Mr. Stanley said lio bolioved it is and that lime eoncrote will not 
answer. He heard that somo experiments are being made by Mr. DnOane 
Smith c in the Punjab, but no conclusions have yet been arrived at. 

Mr. Visvcsveraya said somo experiments are also being made in Poona 
with local limo. 

Mr. O. A. White alluded to the syphons on the Tribcni Canal for pass- 
ing drainago undor the canal. The question ho was interested in is the thickness 



recommended for tlio crown of tin? masonry arch ; Mr. Buokcly calculated for 
less tlmu one-tliird of tho hydrostatic head of pressure, Sir T. Higliam said it 
must not ho less than one-third. In one of these papors the thickness is stated 
to bo O'-Jj of the head. At present Bengal practice is to make it one-third, 
'those streams are near the hills and torrents como down in flood suddenly, so 
ho thought the shook from static pressure should be allowed for. 

Mr. Benton thought what should bo, done is to work up from the eve] 
of the water downstream, taking into account resistance in the syphon barrel, 
loss of head at tho entrance and loss of head in giving increased volooity : the 
hydraulic gradient can then bo drawn which will show tho head at any point. 
The thickness should be such that the woight of masonry resisting blowing up 
action will exceed tho prossurc of tho water unless tho work is to be given tio 
rods or to depend on the mortar to a small safe extent. The coefficient 0"4 was 
only usod as a first rough approximation. The theory is clearly laid down in 
tho paper on the Ravi Syphon : tho only loss of head not taken into account is that 
duo to cliangos of direction which is very small in amount. He did not recom- 
mand procedure by rule of thumb : adopting the accepted theory on the subject 
as laid down in. Professor Unwin’s Hydro-Mechanics it can bo seen on deducting 
the weight of the masonry from the upward water pressure what js the 
resulting bonding moment and intensity' of stress at tho crown of tho arches : 
if tlio intensity of stress on the mortar is low and quite safe, the design may ho 
accepted as secure. He was preparod to rely to some extent on the tensile 
strength of tlic mortar if there is a factor of safety of S to 10. 


APPENDIX A. 

Wrought iron tubo syphons under the Sutlej Navigation Channel, Sirhind 


Canal. 


Syphon at mile -11—510 led. 

Mile .11—2100 red. 

Original thickness 

• 

. . } inch 

J inch. 

Present „ 

• 

& inch (full) 

S inch. 

Period in use . 

a 

, . 23 years 

13 years. 

Present condition . 

' 

. . Covered with a thin 

coaling o£ rnst hut 
otherwise in good 
condition. 

Very slight coaling 
of rust hut in 
good condition. 


Tho above seems to show that the wear of iron tubes in these circum- 
stances is very small, and that they will probably have a long life. 


Mr. Farranl's paper on Sled Tube Syphons, Swat Fiver Canal, 

Mr. Preston said the only remark lie had to make was as regards what 
is said in paragraphs 0 and 10, a very much lower head though the syphon has 
been found necessary in actual practice than is given by the formula used. 
A fall of 4 feet had been allowed in tho design ; the fall through tho work 
had never reached 3 feet even for the largest discharge that had been 
originally calculated for. Tho original maximum discharge was 94 feet, in 
tlio last observations tho discharge was 102 feet with a head of 2'79 feet. 
Expansion joints had been provided, hut ho understands from the paper that 
they have never como into operation. 

Mr. Nctlicrsole enquired if this syphon was found cheaper than a 
masonry one. 

Mr. Preston thought it unquestionably was ; a reference to tho diagram 
shows that there is a head of 40 feet of water on it. It a masonry syphon had 
been made with a 40 feet head of pressure it would have been necessary to _ go 
down very deep ; indeed in these circumstances an iron structure of some kind 
was imperative. Ho thought tliesu syphons had been ominently successful and 
they have worked extremely well ; "he had built seven at least under varying 
conditions ; hut those on tho Swat River Canal are the largest. 



Mr. Netliersole remarked that if Mr. Benton found ,an 11 feet steel 
tube too expensive, he might arrive at a cheaper design for the Ravi Syphon 
recently discussed by adopting smaller tubes requiring less expenditure in 
concrete casing. 

Mr. Benton said tbis had already been worked out, and the smaller tubes 
have been replaced by larger ones in order to reduce the cost. Stoel tube 
syphons are proposed to be largely used on the Upper Oiionab Canal, as the 
discharges are not very accurately known, while* works of this class will not 
fail by blowing up. 

Mr. Mackenzie a deed if the question, of expansion and contraction doos 
not apply to reinforced concrete, and whether reinforced concrete could bo 
made with stone lime mortar. 

Mr." Stanley stated that it depends on the adhesion of the cement 
concrete to the metal embedded in it, which is very great, and on the fact 
that the expansion of steel and iron is almost exactly the same as that of 
cement concrete. 

With reference to the question of the discharge through these syphons 
Mr. lCanthaclc stated that cases had boon worked out and it was found 
that loss at entrance and that due to bends could bo ignored 'without causing 
an error of more than one por cent. Mr. Warrant’s method of calculation was 
complicated. 


Mr. Farrant’s paper on the Design of the SuJcctar Superpassage , Upper 

Jliclum Canal Project. 

Mr. Kennedy remarked the "humping up” of the torrent bed by 
3*0 feet will no doubt ensure a free outfall, should the Led down-stream ever 
rise ; but on tlic other hand, should the bed ever scour (which is just as likely 
as its rising) there would ho a most dangerous rapid behind the right abut- 
ment, with a standing wave, and possibly a velocity of 20 or 30 feet per 
second. He did not think this contingency had been sufficiently provided for 
in the design ; the rapid floor should, in his opinion, bo carried 3 or 4i feet below 
present torrent bed, and end in a drop wall 10 feet deep ; and the slope itself 
should ho of heavy hammer dressed stone, cement pointed. It is impossible 
to say how these torrent beds may vary — that on tlic Sirliind Canal — • 
referred to in paragraph 4 of Mr. Warrant’s note, has slightly risen, duo to the 
river receding farther from the canal. It is not stated in fcho x>apor whethor 
the same action is possible. Scour might result from the rivers approaching 
the canal, or from an extraordinary flood. 

Mr. Benton replying said the "humping” was given to onsurc n free 
outfall. The Jholum River may recodo a mile or so, which would result in the 
bed of the torrent rising at the site of this work. It was dcsirod to avoid the 
difficulty now experienced at the Siswan Suporpassagc on the Sirliind Canal 
where the bed of the torrent has risen about 3 foot owing to the Sutloj River 
receding. The velocities mentioned by Mr. Kennedy arc greatly in excess of 
thoso possible at this Superpassage. The dosign is a project one aud not the 
final working plan. Tho advisability of lowering the work aud especially the 
talus of tho rapid aro questions wliioli will bo considered afrcsli in preparing 
tlie final design. 


Mr. Kennedy’s notes on " Absorption Losses on Canals.” 

Mr, Hill said Mr. Mawson had asked him to put the following point 
boforo tlio Conference. Ho' said that absorption varied according to tho soil, 
when the soil was hard the proper thing to do was to run tho water as fast as 
possible, then he argued that whero the soil was very porous it was hotter not 
to run tho water fast but slowly and let it silt up the bed. Mr. Hill could not 
quite follow his argument of running tho water slowly, the velocity should 
diminish tho loss by absorption. 

Mr. Benton said speed of water had not much to do with tho maltor ; a 
high velocity would prevent the deposit of tho puddle lining that tho water 
travelling at a slower velocity might lay down. 
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Mv. Hill scorned to think that the faster the water flowed tko loss the 
loss would be, as it depends on two factors — 

(1) Character of soil ; 

(2) Wotted area. 

Mr, Preston said his difficulty in connection with percolation was to see 
it; ho had tried many times but had never boon able to see the water going 
through the soil. As an instance, on the Clienab Canal tho subsoil water at 
Lyallporo, when canal operations began, was 108 feet below the surface, lie dug 
a well right alongside tho canal bank and carried it down to 30 feet and yet he 
never camo to any damp soil, it was all dry ; that the water does go down is 
obvious as he lias been informed tho 108 feet water level in tho well 1ms now 
risen to 90 foet, i.c., a riso of 18 feot in ten years. 

Mr, Benton said lio had done the same tiling as Mr. Preston and got tho 
same results. 

Mr. Paso said that on tho Bari Doab Canal a great deal of water can 
ho seen going off, but Mr. l’roston observed that it is not absorption, hut 
leakage through the bank, which is different. 
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TUESDAY AFTEKNOON. 


The papers set down for this meeting were — 

17. Mr. Hill’s paper on “Earthen Dams.” 

IS. „ „ „ „ proposed High Masonry Dam-Bhandardara. 

19. Mr. 1ST. F. McLeod’s paper on Injury to the Narora Weir and the 

Eopairs. 

20. „ „ „ Failure of the Nadrai Escape. 

21. Mr. 31. Yisvcsvaraya’s paper on a new form of Module. 

- Mr. Hill, who presided, opened the discussion by saying — 

His papers all related, to one subject, he had only a few remarks to 
make, he was of opinion that the hack of a dam should always be made of 
some material that is not affected by water, also a watertight core is 
required. The Bombay Government asked that a few experiments might be 
made to ascertain fhe saturation of banks ; in the Deccan a great many 
tanks bare not filled in 1901, so it has been impossible to make many experi- 
ments yet. One point has, however. |come out, namely, that the earth is 
saturated, trial pits have been dug in the bank in some cases, and in others 
holes have been bored and it has always been found that water rises in them. 

In the case of the Hubli Water Works dam, which has been constructed 
lately, there is good drainage, and the line of saturation comes roughly to 3 to 
1. Holes were made in the hank with a drill and water rose in^the boreholes 
the line of saturation shown on Plate No. Yolumo III is the actual water 
level in the dam. 

Another curious thing was found, namely, that when the tank was falling 
the level in the test hole nearest the water side was actually a little higher 
than fhe water in the tank ; showing how thoroughly saturated the bank must 
have been. 

The fact of the water falling more slowly in the hank than in the tank 
shows liow necessary it is that the back of tho tank should be of some material 
not affected by water. 

Mr. Maconchy gave details of a dam in connection with Bradford 
watersupply, which bore out Mr. Hill’s idea that the toe is the weak point ; 
if it cannot he drained thoroughly by some material unaffected by water the 
hank will go. 

Mr. Hill continuing, said, if the foundations of the dam are water- 
tight, the water must go through the toe of tho dam. The drain should be all 
tho way up the hank by making the whole of the casing at the hack of the 
bank of good material. 

Mr. Manners-Smith said in some of the tanks at Jeypore Mr. Hill’s 
arrangement is carried out, the rear of the slope is practically a natural filter 
which has not been found to silt up. The core walls are not carried down 
to the rook. 

Mr. Visvesvaraya said on tho Shetphal tauk in tho Deccan the slope 
of saturation is 2*71 to 1, the toe has answered very well. 

Mr. Preston enquired whether these tank embankments have a puddle 
wall or not ? 

. Mr. Hill replied that the centre part of tho dam is practically 
puddle, being of selected material, i.e., day or black cotton soil mixed with 
moorum (disintegrated trap rook). 

Syed Jaffer Hussin said there are two reservoirs in Gwalior State 
of which tho bunds are made of black cotton soil but they have no puddle 
core, the inner slope is 2 to 1, and there is a lower plaster like pitching. 
He noticed when the depth of water rose beyond 15 feet, and if the hydraulio 
gradient was less than 5 to 1 thore is invariably a bad slip at the toe. In 
1904 in the Tonga reservoir there wore four very had slips and the gradient 
was 4*38 to 1, the height of water being only 16 feet. In 1903, in the 
reservoirs where the gradient was steeper he decreased it by putting in 
a berm of gravel, and then a course of stone ballast. This year there had 
been very heavy rainfall in Gwalior, viz., 45 ,/ in about 55 days. 
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In all tlio banks ■which were constructed water flowed out, and after- 
wards they slipped badly under 1C' liend> with a gradient of 4‘2. 

In the paper under discussion a gradient of 4 to 1 has been proposed for 
heights up to 40', it seems to him possiblo that there may he some difference 
in the soil or the gradient suggested may suit bunds that kavo a puddle 
core or a hearting of selected'' soils ; but his experience is that in bunds mode 
purely of oarth there is always a breach with depths abovo 15' if the gradient 
is less than C to 1. 

Mr. Hill thought that tlio abovo bears out precisely what he wished 
to place before tlio meeting, nnuioly, that unless the too of. the hank is made 
of some material that won’t slip when water percolates through it there will 
ho trouble. 

Mr. Marsh asked what is the meaning of water coming through 
watertight matorial ? 

Mr. Hill ropliod it percolates. If you have a deep central puddlo 
trench and (ho bnck is founded on porotfs material, water might not percolate 
below the dam ; if tlio dam is on ground level and is founded on rock then 
wator must appear at the toe. 

Mr, Marsh enquired whotker material could not bo got below which 
will completely stop it ? 

Mr. Hill had known wator go through a concrete wall; matorial 
will he wet oven with a masonry core. 

Mr. Preston said it seotuod to him from tlio section of the Hubli 
TVatcrsupply that a toe wall had been deliberately introduced which will 
prevent drainage. 

Mr. Hill agreed and thought it probable that the too wall is really 
of dry stone, carefully built. As a reference to the lovols shows that tlio 
water level on both sides of the too wall i s about (lie same. 

Mr. Davidson wished io ask a question regarding the TJnkal Tank. 
Mould there he any danger or the water getting sufficient velocity and 
carrying away the earth underneath till? passage between the earth and the 
rock. In Madras it has been considered rather necessary to put in a solid 
core wall. 

Mr. Hill did not think there is any flow through tlio dam sufficient 
to carry away the earth. In cases where a dam is founded on rook tlio 
practice is to put in a masonry wall a few fcol high. Ho did not think it is 
noecssary as lie is of opinion the oarth will malco a perfectly sound connection 
with the rock. Ho was afraid or any earthen dam that reached a height of 70 
to SO feet. 

Mr. Marsh stated that he knew °f a tank in Agra filled with canal 
water. Before any remedy w as applied water ran out of it just like a sieve ; he 
obtained blue clay from the neighbourhood and put in about 2 feet nt tlic 
bottom of this tank, sinco that time they havo never lost a drop of wator. 
When it is said that water passes through a watertight medium he supposed 
something of that kind could ho done. 

Mr. Hill did not think so, and said if he had the clay lio would put 
it only into the essential coro. 

Mr. Nethersolo enquired whctlicf puddlo walls would not he of -use 
In lowering tlio lino of saturation. It seemed to him a very important point. 
Puddle costs n good deal more than ordinary earth, if it is of no use why it 
is used at all, if it is of use why not ciuploy.it more extensively. At any rate 
above the lino of natural saturation that would enable the thickness of dam 
to bo reduced. 

Mr. Preston thought a good deal depended on what is called puddle. 
The puddle ho had scon used upcountry, is not American puddle, • nor is 
it the puddle used in England. Puddlo in England is an expensive material, 
vary solid, the material is often carried very considerable distances, and_ it is 
invariably prepared in a pug mill ; as fat os his experience goes that is not 
the caso with so-called puddlo in this country. 
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The great point is then, what is the class of puddle used in practice in 
India ? in this respect it is not he feared what was really American, Continental 
or English material. 

Mr. Nethersole explained that a puddle - mixed with gravel can be 
made which will not crack. In Bundelkliand the best material obtainable 
is black cotton soil ; what he wanted to ascertain is whether this can ever 
he used in the way Mr. Hill refers to or not, and whether a puddle wall 
would be worth using in connection with it. 

Syed Jailer Hussain said he constructed a puddle core wall 26' high 
of black cotton soil, mixed with hanker (nodular limestone) ; the puddle 
was prepared and the wall constructed just like the walls of village houses, 
it was well rammed and covered with dry earth ; in this way the wall was 
finished ; the water rose up to 21 there was a rainfall of 5 to 6 inches, 
the water collected in the nala or stream, and after a fortnight it took down 
the Whole of the outer toe, afterwards there was another heavy shower and 
(he whole bund was washed away. "When the matter was enquired into it 
appeared that water percolated through the puddle wall ; later on the earth 
was removed to expose the puddle wall, it was found cracked up over ten 
feet in length. 

In 3 902 he constructed two core walls with hollow masonry each ha ving 
S' clear chambers ; up to now they are quite safe, there is no sign of the 
outside earth getting moist. 

Mr. Preston thought that if a puddle wall is made of good material, 
carefully prepared and laid as carefully as bricks and mortar it is good, but 
the great fear and danger is that it is not carefully laid and it is then a source 
of danger. 

Mr. Hill in introducing his paper on a proposed high masonry dam at 
Bhandardara, said the proposed dam will he 2G0' in height and the pres- 
sure at the bottom of a dam of that height will be rather high. 

At the Pausa dam a great many experiments were made as to the crush- 
ing strength of mortar, and from these experiments it was found that with 
bankar and lime a crushing strength of over l,G001bs. per square inch can bo 
.ensured. He thought it would bo quite safe to increase the pressures higher 
than has been the practice in the past and for the dam design at Bhandardara 
210 lbs. per square inch might ho assumed. He asked if any gentleman had 
made any experiments in connection with the crushing strength of materials ? 
He did not think the factor of safety, G or 6, is too small. Another difficulty 
in high dams is the outlet sluices when working under a great head, as the 
friction is very great. Stoney’s gates have been suggested, he feared the use 
of gatos which may stick if there is no possibility of pushing them down ; 
perhaps thero might he an 80' head to work against. In the Bhandardara 
clam it might be as much as 1G0'. It did not therefore seem safe to rely on 
the gate being lowered, by its own weight. Mr. Beale, Superintending 
Engineer in Bombay, lias designed a number of dams and suggests that 
a dam instead of having a regular profile should be built in steps, one 
advantage ho claims is that it facilitates scaffolding in building ; he thinks 
that for groat pressures it is possible to use different material, also that in 
calculating the pressure on the downstream edge of a dam it is not safe to 
calculate for a horizontal joint j it should be taken as planes inclined towards 
the water face and for inoliuod pianos the pressure is greater. 

Mr. Mackenzie objected to building a dam in steps, lie did not object to 
building the water face in steps j but it is unadvisable to build the downstream 
face that way, it requires muoh looking after as jungle seeds lodge on the 
ledgos and germinate : ho know n dam built in stops which was eventually filled 
up with concrete because of tho difficulty of keeping it clear. He strongly 
urged tho advisability of making tho downstream side smooth. 


Injury to the Narora Weir. 

Mr. McLeod thought there wore a few tilings to notleo in addition to what 
he had said in the paper. 
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The first structure of this type, the only other river weir then completed 
in the provinces, vis., that across the Jamna below Delhi, being merely a 
heavily revetted stone bank thrown across the river and resting on the river 
bed. The designers of tbo Marora weir wished to carry the foundation wells 
much deeper, those on the downstream side into the clay substratum, and on 
the upstream 15 feet below floor. This was overruled by the sanctioning 
authority so that the crest wall wells are only 7 feet below floor and the 
downstream wells 17 feet below floor. The intervals between the crest wells 
are very thoroughly closed with piles and concrete, and those between the 
lower wells which are cylindrical are hut imperfectly closed with piles. 

"While the work was under construction, the floods were passed over a 
part of the completed floor and the under-sluices, there was strong scour along 
the face of the weir crest which was shaken and slightly subsided and the 
floor cracked to a length of 253 feet. This accident showed the necessity for 
protecting the upstream face and the kunkur and puddle apron was then 
introduced and the scour along the face wall restricted by pitched cross spurs. . 
These were too weak in section, they were some 80 feet long, with a width of 
5 feet, and were carried up to about 3 feet below crest level. They were 
invariably carried away and finally were replaced by two strong groynes, one 
on tbo left flank of the under-sluices, the second in the centre of the weir. 
These groynes are about 010 feet in length over all with a top width of 48 feet 
and 1 to 1 stone pitched side slopes 5 feet in thickness. Downstream of the 
weir it was originally intended to carry the talus down to the clay bed, it being 
considered that the scour wquld gradually carry the material down to the 
lowest level. There has practical ly been no scour except towards the under- 
sluices. 

When the failure occurred a strong spring hurst up at the toe of the crest 
wall and passing under the floor below the ashlar blew a length of 200 feet 
of it upwards, it was* raised to a maximum of 2 feet but not a single stone was 
blown clean out. Then the pressure passed under the floor through the lower 
curtains and blew up the grouted pitching below. 

The remedies applied are ns shown in the plans. Upstream a strong 
protective apron consisting of 2& feet clay puddle covered with 2 feet of 
pitching which is divided into compartments by cross-walls of block kunkur 
set in lime at a distance of 70 feet from the crest wall, a line of olosely driven 
sheet piling encloses the work. Below the orest wall the injured floor was 
thoroughly repaired. A crest wall 3 feet above floor was built along the 
downstream edge of the floor to keep pressure on it. Such a cistern formed 
part of the original design but had been omitted during construction. 

The pressure experiment instituted by Mr. Beresford has been continued. 
Previous to the failure there is only one observation with which comparison 
can he made. Recent observations show that there was no decided lessening of 
pressure immediately after the construction of the protective apron and 
pitching but there has been a gradual reduction since. 

In reply to Mr. Hill be said it is 25 feet from the stand pipes to the free 
sand below the curtain walls, and that for a heavy prossure of 5 feet he 
would like a length of 43', below the pipe. Ur. Hill thought that this seemed 
rather short, he was under the impression that for loose sand it was hardly 
safe to have less width than ten times the head. 

Mr. Nethersole thought Colonel Clibhorn who made lengthy experi- 
ments with Ganges sand recommended a minimum of 1 in 12. 

Eegctding his paper on the failure of a fall on Nadrai Escape. 


Mr. McLeod said there is a 14' drop; the work was placed in rather 
an unfortunate position, being parallel with the main canal at a place 
where it is very high so that from the beginning there was a good deal of 
trouble from springs. In the two years previous to the actual failure they had 
been obliged to run the canal very steadily owing to the necessity for sending 
large volumes down to supply the Lower Ganges Canal during the construc- 
tion of the Nadrai Aqueduot ; the escape also had been run continuously. 



Tho first sign of failure was shown by tho crack along the downstream 
walls. That lias always been the first sign of failure in these works, either 
upstream or downstream, it just lifted the floor, that was repaired by an 
extension of the floor. 

Next year the same tiling happened again. One morning tho whole work 
collapsed, a great hole was blown in, and tho whole of the crest wall sank, 
leaving the rest of the work intaot. There was nothing to bo done. 

There were some similar falls built last year and they all gave trouble. 

Now that type of fall has been given up and two falls of 7' are 
constructed instead of one of 1-1'. 

Mr. Preston said Mr, [McLeod seems to imply that the fall had failed 
because there was a 14' drop, but one or two of this height l t had been built in 
the Punjab and had given no trouble. This was confirmed by Mr. Benton. 

Mr. McLeod added there was a very short length of floor, and a 20' of 
head of pressure with very little upstream protection, this gave a great 
intensity of pressure on a weak point, added to which there was no protec- 
tion downstream. 

Mr. Marsh said he had looked through the notes on the construction 
of the work and found that Colonel Brownlow had recorded that he know the 
fall would not stand, hut the Government of India declined to give the money 
required to remedy the defects. There is a fall of 27' in the Bulandshalir 
Division, which has not given any trouble. 


Mr. Vi$vcsvawya?s paper on a New Selfacting Module. 


Mr. Hill said the following is a short description of the module which 
Sir. Visvesvaraya lias given me. The drawing shows a module intended for a 
discharge of u ousocs. The section at the lower left baud end gives a clear 
idea of how it is to be worked. 

• The module is intended for the present chiefly for the irrigation of crops 
like sugarcane for which there is a steady demand throughout tbo year. 

Even if the saving of water is 10 to 15 per cent, only, the extra revenue 
by the extension of cultivation will be Us. 150 to Bs. 200 per annum. 

Tho cost of tho module per cusec is estimated at Rs. 200 to Its. 300, 
and will pay for itself in 2 or 3 years. 

By the use of floats of wood, much cheapor modules can he made on the 
same principle. 

It is not proposed to sgII wator by volume. Once in 6 or 8 weeks, the 
crops under an outlet will be watered by a trained canal staff and tho discharge 
and time observed. Prom the results of this watoring, tho discharge and 
period of rotation will be fixed for all intermediate waterings. 

The accuraoy of tho module can ho tested by observing the time taken in 
emptying tho chamber previously filled by a given depth, after closing tho 
inlot. 

(Tho reporter found it difficult to record the discussion as there was a 
great deal of cross-conversation.) 

Mr. Benton pointed out that by this arrangement the loss of head 
would be 2' this was a great deal moro than could be allowed on tue 
Punjab irrigation works ; it might however do for supplies from tanks, lie 
did not understand what was to prevent the lower part being filled up wit 
silt.- 

Mr; Visvesvaraya explained that tbo dosign is intended for the Doooan 
which is a rolling country and that in tho Deccan there is not much sii 
in tho water. 

Mr. Kennedy stated several objections to the design and added that a 
similar one bad boon already tried and bad failed. 
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THURSDAY MORNING. 


Tlio papers set down for consideration were : — 

22. Mr. Reid’s paper on Lift Irrigation. 

23. Mr. Gobble’s paper on tlio System of Irrigation from tlieJamrao 
Canal. 

2 4. Mr. Morin’s paper on River Training in Tanjore. 

25. Mr. Maconcby’s paper on ** Flood Drainage.” 

26. Mr. Marsh’s paper on Increase of Torrent Floods in tlio Upper Reachos 
of tlio Eastern Jumna Canal. 


Mr. Reid's paper on Lift Irrigation. 

Mr. Davidson, who presided, said : — This paper is, I think, ratber what 
might bo described as too “ previous ”, it talks of pumping by a series of 
wells in a continuous connected line with electric power as the motive power. 

His own view was that the subsoil water supply is problematical; he would 
like to hoar the views of those present as to what could probably ho dono with 
subsoil water and what effect it would have if the question of pumping 
indiscriminately all over the plaoo was seriously adopted. 

In Madras wells irrigate 3 or 4 acres by means of bullocks and 
a picottah ; the wells are far apart ; If all the wells contemplated in the paper 
were put down, they would injure each other, the 6amc sourco of supply 
would be drawn on by everybody. 

The question of pumping had been considered in Madras to a certain 
extent. An Engineer was appointed to work out figures and it was found 
that unless 80 to CO acres be irrigated, it would not pay expenses. It must he 
remembered also that the well will be emptied by pumping of as much wator 
in two hours as the ryot lifts in 8 lioUrs, and it will then he necessary to wait 
for it to fill again. Mr. Reid seemed to think there is an inexhaustible 
supply; his paper makes a reference to the Divi Pumping Project; in that case 
it is proposed to pump from an inexhaustible supply, via., the Kistna River. 
Divi Island is unprotected and cut off from the Delta canals ; an aqueduct was 
proposed, hut the cost was prohibitive ; recently it has been proposed to erect 
a pumping installation to irrigate the island. He thought it is rather a pity 
Mr. Reid did not lay the Divi Pumping Project before the meeting ; it is 
perfectly sound and, ho believed, would pay 8 or 9 por cent, easily. The 
scheme has been very well worked out by Sir. Reid. 

Mr. Hill could confirm the statement made by Mr. Davidson that the 
supply of water from wolls is very limited, some wells in Bombay dry up 
altogether, and the difficulty in that Presidency is the want of water. Ho 
can also confirm the statement that an ordinary well is not big enough to 
supply water for a steam pump. 

IE it were possible for the steam engine to do just tho same amount of 
work as tho bullocks, perhaps it might pay, but ho doubted it ; moreover, tho 
bullocks are useful for other purposes. 

Some timo ago the Bombay Government put on a man specially to find 
out tbo cost of lifting water by bullocks ; it bad been said that tliore was a 
great waste of time in the bullocks walking back again up tho ramp of tho 
woll_; the actual experiments showed that during that period tho bullocks were 
getting rest. They walked slowly and put all their power into pulling the 
bucket out. Another point is that tho cost of wells is not calculated ;.no 
allowance is made on this point in estimating tho profits of the scheme.. 

Mr. Davidson said that Mr. Cliatterton has to some extont worked out 
this point. The bullock, however, pays for his keep in a way that the engine 
does not ; but Mr. Cliatterton merely compared the relative cost and lost sight 
of tho fact that a great deal of what is provided by the ryot for his bullocks 
is found from tho 3 or 4 acres he cultivates. It was only fair to Mr. Reid, who 
had left Simla owing to indisposition, that he should read ,tbo following 
extract from a letter he wrote before leaving : — 
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' "Of course it is the case that the scheme is built up on a slender foundation 
of fact, hut my contention is that till such a superstructure is shown to 
he possible there is no likelihood of any money being given to ascortain the 
facts.” 

He did not think Mr. Reid was right. In Madras experiments are 
being made to see if pumping will pay. 

Mr. Benton said Mr. Reid had not taken into account in his paper the 
case of the wells that are not provided with power ; if a drop in the spring 
levels occurs in them due to the machine pumping, the owners would require 
compensation. Mr. Reid assumes that tho supply of crude oil for working 
oil engines is inexhaustible ; that is not the case. 

Mr. Kant hack commented on tho coefficients taken by Mr. Reid 
r is,, that 1 H. P. at the generator will give -33 H. P. at top of each well; he 
doubted if so much 'would he got. 

The following figures arc generally taken : — 
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This would give a total loss of power of 75*41 per cent, and a coefficient 
of *2450. 

Every well will require 1*36 U. P. available at the generator. 

Hence only 10,000 wells can he supplied. This would make a difference 
iu his financial results. 

Mr. Ncthersole said that Mr. Crompton’s report on tho olectricnl traction 
scheme in Kashmir made out that 50 por cent, of tho power generated by tho 
motors would ho obtained for work. Mr. Kantliaok’s 2 4 per cent, therefore 
seemed low. 

Mr. Kantliaok said ho had taken only SO por cent, on the transmission 
line, as Mr. lteid in his paper contemplates transmission to a distance of 
300 miles. 

Mr. Davidson said ho holievcd Mr. Reid’s figuros were the result of 
correspondence with Mr. Gibbs, iu charge of the Mysore installation. 

Mr. O. A. "White said in Bengal, where the sugarcane industry has 
started in place of the indigo, Government was anxious to know ff it would 
pay to pump and a fow experiment, s huvo been made this year. He put in 
the following notes on the subject : — 

“Irrigation of Sugarcane by lumping,— Be liar, 1904" 

“The cultivation of sugarcane in Bohar has developed largely during tho 
last fow years. Improved kinds of cano have been imported and much atten- 
tion given to mauuring, irrigation, aud tilling of the soil ; it has already been 
shown that tho output of BUgar from tho ordinary cano is increased by irrigation, 
and that imported largo cano cannot with advantage bo grown without it. 
Only a small portion of Behar is commanded by oanals, consequently irrigation 
by pumping has to ho resorted to. 

“ The Government of Bengal is anxious to assist the planting community 
by conducting experiments in order to ascertain the best method of growing 
‘sugar cane successfully, and as regards the cost of irrigation, and with this 
object conducted experiments by pumping from the Bur Gandak river at Utter, , 
with a 10" Invincible Centrifugal Pump and a 10 H. P. engine. Unfortunately 
a start was made lato in the season, and hoavy rain in May stopped tlm 
demand for water. Tho experiment will he continued next season with a 
larger plant, vie., a 15" centrifugal pump and a 16 II. P. engine. 

“The information obtained from these experiments are : — That a 10" pump 
with a life of 27 feet and load of 4,000 feet, running at 650 revolutions a 
574 R 8s A C W 
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minute, can throw to 4 cubic feet of water per second, i.e., 1,300 to 1,600 
gallons a minute, and irrigate at the rale of \ aore per hour. About 5" to 
7" average depth of water was utilized on the fields which were trenched, 
3" to 6" was lost in the new channels. The engine used 2 maunds of coal 
per hour at 7 annas a maund ; labour for working the engine was somewhat 
excessive, costing 11s. 1-10-0 per day of 11 hours ; the total cost of coal, oil, 
labour, etc., came to Es, 3-6-0 per aore for one watering. 

“ Irrigation was carried on at several concerns by steam pumping on thoir 
own account, and the proprietors have kindly allowed the results to be published, 
for general information. 

“ It would possibly pay planters to use Hornsby’s (Grantham) oil engine 
or some equally good one, instead of a steam engine. 

“ One interesting question to decide is, the number of waterings that may 
with advantage be given to sugarcane j in Egypt the crop is watered once 
every 10 days for 76 days, or an average of 7£ watering.” 
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Dated, the 22nd August 1904. C. A. WHITE, 

Superintending Engineer , Gan dak Circle, 
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Syed Jafirr Hussain said he thought the United Provinces is the only 
nlnce in which electrical power for pumping water from wells can he produced 
because the water which passes over the canal falls can ho utilized. He 
suggested that a proper estimato he made with a view to introducing the 
system as the water power can he given cheap. 

Mr. Preston said Punjab Engineers have not been unmindful of the vast 
power on the canals, hut they have such enormous tracts still to he brought 
under cultivation and colonisation by new canals which will bring a thousand 
times more direct and' indirect benefits to the State that he thought they- had 
quite rightly devoted their attention to tho construction of those canals instead 
of ,to electrical projects which can at best add only a limited number 
of acres to the cultivation. Until they have brought ail the water possible 
by direct flow on to the land, he thought it would ho a waste of time to go 
in for pumping schemes. 

He admitted it is rather difficult to satisfy the lay mind oft this point 
and he constantly heard people talking of the indifference of Canal Engineers 
to tho waste oE power, hut while establishments were limited he waB certain 
they can ho best used in constructing new canals. 


Hr. OebMc's paper on the System of Irrigation from the Jamrao Canal, 

Mr. Gebbie in introducing his papers on the Jamrao Canal said that 
in regard to the grading of the canal it has been remarked in a previous 
discussion tlmt the proper thing would have been to put in another fall 
instead of trying to hold the bed by groynes. As a matter of . fact he had 
made the suggestion but his Superintending Engineer did not reeeivo the 
proposal with favour ; Mr. Gebbie thought it would have to be done at 
some future date. He, however, pointed out that the groynes are lcaoha and 
cost only Rs. 3,000 to put in, while nnotlier set of falls would cost 
Es. 80,000. There is also the difficulty that the canal would have to he closed for 
six months during construction as it would be impossible to make a diversion. 
He did not doubt that difficulty could bo ovoroonie but perhaps it might add 
one lakh to the cost of the fall. 

The distribution of water is modelled on that of the Chonab canal system 
in the Punjab ; the same principle hnsbeen followed, but the details differ. Ho 
would bo very glad if some of tho Punjab Engineers would adviso them in the 
matter of tho distribution from watercourses to each field which is giving 
trouble. 

Mr. Kanthack said that rapids do not seem to bo used in Sind. In 
the Punjab rapids have been found most useful in regrading tho bed of a 
canal as they do not require very deep foundations, and can be very quickly 
put in ; bo dkl not think there should be any necessity for a six months’ closure. 

Mr, Hill said exception bad been taken that in a comparatively modern 
canal, so steep a bed slope ns 1 in 5,000 was employed. That slope was put in 
by advice of Colonel Ottley as an experiment. In tho first grading sent in two 
falls were provided and tho slope. was 8 inches in the mile; it had been 
made 12 inches in 5,000 which, ho sa^rs, by Mr. Kennedy’s diagram would bo 
likely to scour, and this is exactly what has happened ; a proper slope according 
to Kennedy’s diagrams would have been 1 in 6,666. 

Mr. Rose pointed out that Mr. Gebbie bad said the Jamrao distribution 
was based on the Chenab system, but it seemed to him there is no similitude 
at all ; on the Jamrao the squares were divided into 16 acres blocks , there did not 
appear to bo any sub-division ; on the Chcneb system tho holding of about 2S 
acres is divided into one aero fields and tho water is carried in a properly 
graded channel to each field. 

Mr. Gebbie said this had been commenced on the Jamrao but had been 
dropped by the Colonisation Officer ; there are marks on tho sides of tho holding 
to facilitate measurement, hut this matter is one for tho Revenue Officers, 
the Irrigation Department having nothing to do with it, or with tho measuring 
of crops. 

The fields are more or less actually divided off, a ridge is thrown up on the 
boundary but they are not divided into acre plots in every case, where a 
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man has cultivated loss than his holding of 16 acres lie divides off what, he 
has cultivated by a ridge. 

!\!r. Robertson, who was Colonisation Oliieor of the Jamrao system, and 
happened to he present, was invited to apeak and explained that the division 
into acre fields was not introduced universally boon use in certain localities there 
worn fields that had been in existence for many years and the ownership was 
interlaced, a large part of it was garden land and the introduction of the svstein 
would have been a very troublesome matter and have led to great opposition • 
it. would have been very dilficult to make the people give up land which they 
had improved, the system was carried out where irrigation had not been so 
constant and where improvements had nob boon made.' The Revenue system 
in Sind is quite different to that in the Punjab. 

Mr. Preston said one or two points only struck him. It seemed to 
him with reference to what is said in the paragraph in the middlo of pa«o 2 of 
the paper on the Head "Works regarding the use of steel beams to close the 
canal, the interests are so large that it seemed to him it would he worth the 
while of the Sind authorities to provide a proper gate and suitable lifting- 
gear instead of the steel beams. Again with reference to tho last paragraph he 
would like to ask Mr. Gcbhie why the steol wiro rope tramway has been a 
failure, it is a success on the Chonab, Jholum and Sit-hind canals. 

Mr. Gebbio said no use has been found for it, as it is possible to <* e t 
across tho river in a boat oven in flood. ° 

Continuing, Mr. Preston said— Turning to the paper on distribution to 
a certain extent the Sind authorities have bettered Punjab practice ; in ’ the 
case of the Sidhnai, Lower Sohag and Para, Ohenab and Jhelnm canals the 
squares are made 1100 feet side. This unit had been fixed by Colonel Wace 
who was Settlement Commissioner many years ago, because it worked into the 
native measure. Later on in surveying for the Lower Bari Doab canal the 
squares were made 1015 feet side which is an area of almost oxactly 25 acres • 
this block, when divided by 6 lines transversely and by 5 lines longitudinally* 
gives 25 acre fields. As regards the use of the native measure, lie personally is 
much opposed to it, and the Honourable Sir A. T. Arundel had stated that 
30 years- ago in Madras they issued an executive order that the aero should be 
the unit and sineo then the aorehas been the unit; you cannot go into a single 
district in Madras and find the native measure in existence. The difficulties 
in using the native measures can best be realized by reference to the Puniab 
Irrigation Branoli Handbook of Circulars. Tho first thing tho Canal Officer 
when posted to a Punjab District, has to do is to r6ad tlio circular on land 
measurement. He will find the units either the “ karam ” of 2 paces or the 
,e gatlia. ” The latter -is 8’25 feet but the “karam” measures 4*76311 feet- 
4*5 foot; 4*6 feet; 4*625 feet; 6'0 feet or 6*5 feet according to tho district* 
Could anything ho more confusing? It is, however, increased by the uso of 
nativo terms such as 7m wan sis, hisioahs and hegahs in the begah measure- 
ment and sarsahis or square Item, merlas, 7ca?ials and ghnmaos in the Hiumao 
measurement. ° 

The Sevonue Officers consider it necessary to continue this system for 
land measurements and this is tho reason it was introduced in the Canal 
Colonisation Schemes. The Sind authorities have gone in for 840 feet side 
which givos levels at 420' intervals instead of at 550' as in tho Punjab It is 
stated that tho standard size of village is 2,000 acres, that is very hi" the 
unit on tho Clienah canal was 50 squares equal to about 1,350 acres’ and 
there are very many villages smaller than that. Further on in the paper it is 
stated that the groat disadvantage of these villages was tho huge size of the 
watercourses. This is referred to in the second paragraph on nn™ 9 if 
seemed to Mr. Preston to ho a great defect. 1 3 ’ 

It is said that the cultivators frequently bund tho watercourses and thus 
upset tho fixed rotation. Mr. Preston submitted that this is an accusation 
against tho Canal Engineor. There must bo something very wron"- if a 
perfect systom of watercourses oannofc bo designed. Tho cultivators should not 
he able . to make better watercourses than the Engineers can. 

G74 it & a c w 
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Mr. Gebbie said they are not better, but the cultivators think they are. 
It, however, seemed to Mr. Preston, that a properly designed system ought to 
demonstrate its advantages by itself ; it ought not to ho open to doubt. 

Mr. Gebbie said perhaps a man lias one block on one watercourse and 
another on another, instead of watering from different watercourses he wants 
to water both from ono channel and he often turns his water from flow to lift. 

Mr. Benton said Mr. Robertson seemed to think the introduction of the 
small square system would lead to interests being disturbed. There are many 
cases in the Punjab where village waste land is now being broken for irrigation, 
squares have been laid down in them and the people ave compelled to adopt 
them, the argument used to induce them to do so is simply that if they don’t 
they won’t get water. 

Mr, Robertson replied that in Sind they always have had. water, 
but Mr. Benton thought the more assured supply tboy now get could fie used 
as an argument. 

Mr. Hill would like to thank the Ohenab Officers for the help they gave 
the Jamrao officers in designing watercourses. He would like to know the 
minimum size for tail watercourses. In the last hundred acres what would 
he the discharge ? Would it be half a cubic foot per second. 

Mr. Preston said this is easily answered, the invariable practice is, 
wherever it is possible, to end a Government channel in a cluster of village 
watercourses, so that a good volume of water roaches the tail ; a village water- 
course is seldom less than 2 or greater than 3 ousecs. 

Mr. Marsh understood Mr. Gebbie to say there was considerable trouble 
in the distribution of water in the watercourses, and lie had not heard this 
answered. He understood that the poople have rows amongst themselves. 

The ownership in the watercourses had been broken down by a test case 
as to the right in watercourses and also in outlets, the Munsiil and the Dis- 
trict J udge decided in favour of the Canal Authorities and on appeal to the 
High Court the decision was upheld. 

He would like to say a word about minor distributaries as it is a hobby of 
liis ; be did not think any watercourse running moro than 1 eusec should be 
left in charge of tho people ; those small channels have been developed immen- 
sely with great profit to the canal. In Bulandshahr there waB at one time an 
officer, who had a great belief in large channels being managed by the cultiva- 
tors themselves and he made several over to thorn. After three or four years 
Mr. Marsh found that the water only reached tho first four or five furlongs and 
that villages further on were utterly starved ; all these have been taken back 
and many original zamindavi watercourses have also been _ taken over as Gov- 
ernment channels with great advantage. If more establishment is required to 
maintain them he would give it as he thought it would he possible to economise 
the supply by perhaps as much as 20 to 40 per cent, by a proper system of 
minors. 

On the Eastern Jumna Canal there used to be a great deal of trouble 
because a number of poople thought they had rights in the water and they 
claimed the ownership of the water course and other irrigators liad to pay 
them a royalty for water ; this has been broken down, as also tlie periodical 
closure of outlets on the distributaries. 

Mr. Gebbie said the Bindi is not accustomed to the Punjab system of 
a share list and would not adhere to it. 

Mr. Preston thought the Sindi should bo educated to do so. 

Mr. Benton said — Mr. Marsh has not stated what would be tho cost to 
Government of taking up the village channels ; the mere establishment, i,e„ 
the number of sub -overseers is a small matter compared with tlie amount of 
Government money .that would bB spent in doing work that cultivators should 
do themselves. 

Mr. Marsh said that is a very old theory. He had discussed tliis question 
with Mr. Kennedy and lio settled the question by saying “ the fact is your 
irrigation in tho United Provinces lias reached a very advanced stage, it consists 
of garden land, we have a great deal of land entirely waste”. 
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Mr. McLeod was in favour of having as many watercourses as possible 
made by Government, tlio quicker the water gets on the fields the more econo- 
mical it is ; and the minor distributaries help ibis immensely. 


Mi\ Morin's paper on river training in Tanjore. 

Mr. Davidson said the Tanjore Delta irrigation system, of which a 
sketch is given with the paper, is peculiar in that it is absolutely natural, 
except for the distributaries there is not an artificial canal in the whole 
Delta. 

The result is, as Mr. Morin explains in ono of the paragraphs, there is a good 
deal of conservancy and upkeep. In the Godavari and Kistna Delta systems 
which are artificial, there is nothing liko the same oxtent of protective works. 
There is no stone in the Delta, and therefore it has boon necessary to fall 
hack on Cocoanut and Palmyrah trees or bamboos and brushwood for the 
protection of revetment or groynes. I think as far as the Tanjore conservancy 
is concerned Mr. Morin has given us a very good paper. The lines on the 
hydrographic map are all streams the supply to which is distributed by 
Government. The Enginoers are not concerned with the distribution in the 
channel itself. 

He did not think there would ho any benefit if they did until Madras has an 
Irrigation Act, at present without an Irrigation Act the vested interests over- 
power the authorities. The Engineers have nothing to do with the distribution, 
thoy keep up the works only ; i.e-, they stick to the engineering and leave 
everything else to the Revenue Department ; if they did the distribution work 
as in Upper India a large increase of establishment would be necessary and he 
doubted if anybody would sanction it ? Madras Engineers did not hanker for 
tho work very much and were content to leave tho distribution to the Reve- 
nue Department. 

In answer to a remark that the Enginoers could not know where the 
wator goes or wliat was done with it ; ho said they pass it through our head 
sluices of the main distributary. The actual distribution is not in their hands, 
the Revenue Officials report where they would like the water and the Engineer 
sends it there and has no further responsibility as to the distribution, it is 
the business of the Revenue Officials to see that the water reaches the tails of 
the distributaries. 

The soil is fairly good firm alluvium, there is no black cotton soil ; I may 
mention that our protective works aro merely to prevent scour and to keep up 
the margins of the natural streams. 

Mr. Macon chy’s paper on Flood Drainage. 

Mr. Maconehy in introducing his paper ou “ Elood drainage” said he 
would like lo give a brief explanation of it. A few years ago when he took 
charge of the Northern Drainage and Embankment Division, he . was called 
on to design, or report on, a good many schemes for flood drainage. The 
circumstances, specially when tho outfall was into tidal water, wore very 
un favourable and at first sight it seemed, in some cases, that offective drainage 
could only he provided at a prohibitive cost, if at all. To determine whether 
this was so necessitated rather “ olosc ” calculations, as in some cases the 
** head ” available was very limited and the “ lead ” of the drainage channel 
very long. At first he was rather at a loss and could find nothing in any 
hooks availablo to him which quite met the circumstances. It was possible 
of course to work on precedent and allow say 5 square feet ,of ventage per 
square mile of drainage area ; hut this was not sufficiently aocuratc as the data 
regarding general level of country and lovel of outfall varied somewhat. There 
was therefore nothing for it but to work out his own formula. This was not 
done all at ouuo, but by degrees as the occasion arose. Some of those results 
have been given in this paper. He would have preferred to take an actual 
example of a big drainage scheme and describe it but it would Lave taken up too 
much time. His results were given in greater detail in a course of lectures he 
lately gave at tho Sibpur College and all that was possible in this paper was 
to condense those lectures, or rather a part of them, much as they stood. 
The results have been given in the form which were found most useful in 
actual designing though they could be put into other shapes whioh might 
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appear simpler from a theoretical point of view. Ho has worked out' tables 
covering, he thought, every possible case, from which the results can he 
obtained with no more calculation, than the use of proportional parts. 

In Bengal these schemes, under the drainage acts in force, have to bo 
carried out at the expense of the persona benefitted, and if the cost is too high 
the people won’t agree to carry them out, and so it is no use trying to be on 
the safe side by providing excessive ventage, the works have to be designed 
as economically as possible. He instanced two schemes which are being, or 
will be, canned out both of which necessitate very “ close ” calculation, vis., 
the drainage of the Argovval Circuit, and the Magra Hat drainage scheme in 
the 24-Parganas, south of Calcutta. 

Ho proceeded to briefly explain the contents of the paper. Paragraph 2 
contains a statement ef the standard formula of discharge through sluices and 
weirs. At the end of it an empirical formula has been given which, so far as 
ho knew is new, this serves as a general formula, embracing all the standard 
ones. It is mainly useful in calculating the “time of discharge” which is 
dealt with in paragraph 3. These “ times of discharge ” do not as a rule enter 
into the calculations of any of the drainago schemes ho has mot with. 

The results he had found most useful, are those explained in paragraphs 4 
and 7 which deal with cases of discharge into tidal waters. Paragraph 4 gives 
the theoretical results expressing the valuo of the true mean discharge through- 
out the rise (or fall) of the tide. In paragraph 7 these results are made use of, 
and formulae are given on which the complete design is based. Allusion has 
been made to the complication caused by a breast wall in front of the vents of a 
sluice, and in the Sibpur lectures tbo solution, was worked out but thore was 
not space to give it in this paper. The practical result is that, provided 
sufficient waterway is allowed through the vents, it will he near enough to 
ignore their existence. 

In paragraph 6 a table is given which will save a lot of trouble in dealing 
with velocity of approach. This velocity is a very important factor in the 
calculations for a breast wall in front of a sluice, but as a rule makes very 
little difference to the discharge from a channel over a woir or through a 
sluice. 

In paragraph 8 will ho found the solution of a case which seems of vory 
great importance, vis., the discharge of an open channel of which the surface is 
not parallel to its bed. This case is constantly arising in drainago schemes and 
Mr. Maconchy has not. been able to find any solution of it in any book. The 
usual way is to work with the avorago surface slope ; the actual surface is of 
course a curvo and not a straight line. The above method even it were 
accurate, which it is not, would not however get over the difficulty “what 
cross sectional area of waterway is to bo taken.” If a channel is, say, 10 feet 
deop at one end and 5 feet at the other, the area is all important. Ho must 
apologise for the complicated form in which the result works out ; bnt he fears 
it is unavoidable, he has calculated tables to save labour, one is given, it is fairly 
long but the other is much longer, and there has not been time to get it 
printed. 

There is another method of calculation which arises in inland drainage 
schemes discharging into rivors or drainage channels, which can best he 
explained by actual examples. These are given in tho lectures, hut time was 
not available to allow of his reproducing them here. 

He would he very grateful if any one would point out any mistakes or 
misconceptions in the results. 

Mr. Kennedy said tho results arrived at and specially the different 
tables showing the ratio between the mean discharge and the maximum as 
the tides stand at different stages should bo very useful for the peculiar condi- 
tions, considered in this paper, and save an immense deal of time and trouble 
to others. 

The only new point he would like to refer to is whether the ordinary 
formula for a partly drowned weir -is reliable, see fig. 5, page 4. Theoretically 
of course it is all right but. for two reasons he doubted if it is so praotically. 
Thus it has been observed ever and over again, that for a clear fall the 
coefficient is fairly constant, and about what might be expected 0'62 oy 0;65> 
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but if tlie same weir becomes drowned j the coefficient at once rises, often up 
to 0*80 or more. Again, if means are provided at the ends of' the weir, by 
which air can be admitted just under the sill, it has been noticed that often 
there is a continuous hollow space just under the entire length of the down 
stream edge of sill ; where air accumulates and stays ; and can he actually 
seen through clear water. The pressure at that point ought of course theoreti- 
cally to be (D-h) fig. 5, but it is really D ; and tlierofore the velocity there will 
be higher than given liy theory. The reason of this may be connected with 
the action of the clear fall or upper part of tbe falling water, which presses 
down on what would, otherwise be the liorizantal flow of the lower or drowned 
part ; this action not being taken into account at all in the theory. This is 
a question which might be taken up by some one ; as there is no doubt an 
improved formula is wanted for discharge over drowned weirs, and .drowned 
rapids. 

Mr. Maconohy said he had avoided the question of coefficients, in his 
paper, as he thought it is a subject for discussion by itself. 

Mr. Hill asked if be had made any experiments to find out what is 
the coefficient for a big gate or weir much larger than the small notches uBed 
in experiments in Europe ? 

Mr. Maconchy replied that he made some experiments on some out- 
lets 15 " X18" which gave very high coefficients ; he thought it depends on 
tlie nature of the approaches up to the sluices. If the bed of the sill is level 
with tlie bed of the channel it may be 0‘90 j if tbe wing walls converge properly 
and the bed is level, a high coefficient should be got in a small outlet 12 "xl8" 
where the bed of the outlet was level with the bed of tbe canal he got 
coefficients up to 0‘82. 

Mr. Benton said he had made a number of experiments on distri- 
butaries carrying from 30 to 200 cusecs, and with heads varied fron to 2/ 
and 3'; the coefficients worked out to *78, or roughly 0‘80 he thought that 
with a large weir the coefficient, would be a very large one, probably 0‘85. 


Mr. Marsh’s paper on Increase of Torrent Floods %n the Upper 'Reaches of the 

Eastern Jumna Canal. 

Mr. Davidson — On reading Mr. Marsh’s paper I presume that what he 
wants to do is to try and regulate these discharges so that the works designed 
may really he permanent instead of requiring extensions. 

Mr. Marsh said a good deal of matter in connection with this paper 
has been thrashed out in the discussion on the Suketar superpassage on 
Tuesday morning. He wrote this paper because he thought there were so 
many canals crossing the drainage of the country being designed and he 
thought the subject might be useful as it shows the troubles from year to 
year on the Eastern Jumna Oanal. That canal had been maintained but with 
difficulty. Plate No. 48 shows tbe sketch map in which tbe Maskhara Torrent 
appears, and Cautley’s Oanal which he carried out 70 years ago and the faint 
channels the torrents that are crossed at different points ; the discharges of 
them are very hypothetical. 

Down to mile 8 there has been no great trouble, at mile 8 the torrent 
used to get into the canal as far as mile 13 where it was let out by flood gates. 
That arrangement worked well up to 1880, when 300 feet of the canal . were 
cut away, there was a gap 30 feet deep and it was by pure chance that it was 
repaired and some 10 lakhs of property were saved, 

Erom 1880 to 1889 it was difficult to get money as the Nadrai aqueduct 
on the Lower Ganges Oanal was being rebuilt. In 1889 a fresh dam aud 
regulator was built over the Ohapri, that made things all right ; in 1894 it was 
found even this new addition was not enough aud the Nowgong weir nearly 
fell in again ; in Oautley’s time it was a level orossing ; the retrogression now 
is 30 feet. ' . • 

In 1894 the waterway of the Nowgong weir was increased 50 per cent., 
and then it was' -thought there would be no more trouble. In 1901 another 
record flood came down and tbe regulator was completely overtopped ; at the 
Nowgong weir a huge breach occurred. At mile 17 the Executive and 
674 B. & A. C. W. . * * 



Assistant Engineers saved the position by plaoing bricks on the top of the 
revetment wall. This is nil in connection with a canal that pays 14 to 15 
lakhs in net revenue. He obtained permission to increase the escape at mile 
8| by 50 per cent, and to cut down the Maskhara weir by 2 feet and to place 
iron falling gates on tlie lowered crest. 

An inspection of the drawing of the Khalsi dam that passes the Maskhara 
torrent shows that it was completely masked by the silt deposit on account of 
the original alignment of the canal ; some alterations have . been sinco made. 
The crest used to bo 4 feet above the level of tbo torrent, it has been cut 
down 2 feet and falling gates of tbo Khanki pattern put in. These gates are 
used to guide tlie water on the side where the shoal is likely to form. These 
torrents come down at a great pace, and the fear is that the gates might 
not be dropped in timo, automatic gates cannot be used on account of the 
silt. 

This matter has been tbo subject of mueh consideration and a very 
common place arrangement has now been adopted which works well and i9 
suited to tbo native instinot. 

Coolies arc left at the dam during the rains and a couple of miles higher 
up the torrent huts are built ; these men are given bombs and when the 
torrent comes down they shoot them off. It seems an arrangement likely to 
fail but it is exactly suited to (bo native instinot and works very well indeed. 

Mr. Benton enquired why syphons were not built so as to get rid of (lie 
present levelerossings ; be did not think tbo cost would bo greater and the 
security would bo a great comfort ? 

Mr. Marsh disagreed altogether; ho said Colonel Cautley put in 
nothing but masonry, if he had made theso of steol tbore would be great 
difficulties now. [Mr. Marsh did not explain what the difficulties would havo 
bocu]. He said that nothing in the United Provinces has given his piede- 
cessors for tho past 70 years so much trouble as tlie torrents, and tho experience 
gained has been recorded in the most valuable book by Sir P. Cautley on the 
Ganges canal works from which the following is extracted. 

Extract from Volume 1 of iTie Ticport on the Ganges Canal Works by Colonel 
Sir Pnonr T. Cauiley, K.C.E., F.It.S. 

* a * * r * * 

The Nogong dam is a masonry building, constructed across tbo bed of a 
torrent, which has a catchment basin of about 56 square miles, 25 miles of 
which arc mountain, and the remainder open forest and jungle country lying 
at its foot. The dam itself is situated at a distance of 7 miles from tlie hills, 
and the slope of the bed of tbo torrent at tbo point upon which the building 
was constructed was 11 i feet per mile. There were twenty-four sluices, of 
7 feet width, adapted to the contro of tlie river’s course; the eight centrical 
ones having their sill or flooring 2 feet, and the side ones having their silts 
4 feet, above the bed of the river, llie piers of these sluices wero from tho bed 
of tbo river 0 feet in height, and above this point tbo floods passed over the 
dam in one unbroken sheet of water. 

At tbo time that this work was constructed, 1828-20, tbo bed of the river, 
at tho point where the dam was built, and both above and below it, was ono 
uniform slope, with ft sootion of 8 or 9 feet in depth from the surface of the 
country. 

From the rains of 1830 to those of 1834, a constant succession of retrogres- 
sion of level upon the masonry tail of this work took place. In the rains 
of tho latter year a portion of the (ail apron fell and a new tail was constructed 
partly of masonry and partly of timber and boulders, flanked by hurdles and 
fascines. Tlii9 new tail was made on a slope adapted to tho depressed level 
that the bod. of tbo river bad at that time assumed at and south of the tail of 
the dam. 

At the commencement of tho rains of 1841 — that is to say, eleven years 
after tbo dam was constructed — the total width of tlie tail apron, which had 
annually been receiving an accession of material, was 80 feet on its transverse 
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section'. Year after year extensions had been made, and, as it was hoped, 
addition had been given to its stability. Early in the rains of 184i1, however, a 
very heavy flood oamo down the Nogong River: tho water, in its passage over 
this fearful rapid of boxvvork (the bed of the river south of the tail being at 
this time 21 feet below the sill of the dam) turned the piling and hurdle wovlc 
on the left flank, .carried away that portion of tho tail in its immediate proxi- 
mity, and was only checked in its career of destruction by the masonry plat- 
form, over which it fell in an uninterrupted cascade of at least 16 feet in 
perpendicular height. The injury was of such magnitude, and the' accident 
had occurred at a period when a succession of floods during the three following 
months wore certain, that ’there was neither time nor raai orial available for 
doing anytliiug, further than making a moderate repair ; and tho only prospect 
that offered of preventing irreparable injury, was by passing off flood-water 
down the canal oliannol, and, if possible, putting the dam out of uso for tho 
rest of the season. It so happened that during the rest of the rainy season of 
1841 tho floods that came down the river were passed down the canal channel 
with tho greatost ease, and, in so far, our arrangements wore crowned with tho 
most perfect success. 

* V < * K * 

Mr. Marsh continuing said the floor of tho lovcl crossing was on a level 
with the bed of the torrent and that it should be 3' below, as when tho torrent 
flows the sand moves ; while the level crossing becomes a weir. 

(The speaker next dwelt on. Cautley’s method of dealing with silt and 
on- his method of construction having proved correct in the light of the 
experience gained in later years.) 

Another point he wished to remark was that of the discharges of torrent. 
Mow are these obtained ? There v/ero invariably great differences of opinion, one 
man estimates the maximum discharge of a torrent at 10,000 cusecs, another 
at 20,000 cusecs, and so on. He said in the paper that ho did not believe in trying 
to gaugo tho discharge by volume ns be believes it is impossible to do so with any 
degree of accuracy ; tho water comes in huge waves, making it impossible to gauge 
the discharge with accuracy. He believed that- a better guide is to try and find 
a narrow gorge and measure the waterway oF a big flood passing through it. 

On the Agra Canal there had been a great deal of trouble. Colonel Dyas 
designed one cross drainage work for 5,000 cubic feet, in 3 b75 a flood came 
down discharging 20,000 cubic feet and tho syplion was completely turned. 
It was turned into a lcvelcrossing. 

Mr. Hill said with reference lo the discharges from catchment areas; be 
had always taken the following figures which ho had found a safe guide: — 

1" for 60 square miles. 

r „ 76 „ „ 

r „ ioo „ 

i" „ 1,000 „ „ 

These were average figures and omitted extremes. 
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THURSDAY AFTERNOON. 


The papers sot down for Thursday afternoon were— 

27. Mr. Ivon’s paper on Mat Branch Extension, Ganges Canal. 

28. Mi. Ivon’s paper on Injury to the Ilindun Dam. 

29. Mr. Marsh’s paper on Automatic Paddling of Channels. 

SO. Mr. Kenndy’s paper on Distribution of Water by Measurement. 

31. Mr. Hill’s paper on Distribution of Water in tlio Deeoan. 

82. Mr. Hill’s paper on Dooean Irrigation Could ho Made to Pay. 

38. Mr. Hill’s paper on Small Tanks in the Southern Mahratta Country. 

34. Mr. Hill’s paper on Nasik Eandhnra Irrigation. 

Mr. Ivans' paper on Mat Branch Extension , Ganges Canal. 

Mr. Mavsil, who presided, said : — This paper had hoen written merely' to 
show the advantages of doing work quickly. The project was only sanotionod 
in the rains of 1002 when nothing could bo done except to mark the drainages 
Oil tho maps. In November and December of that year be (Mr. Marsh) 
examined most of the alignments, and commenced work. By Docember 1903' 
suoh progress bad been mado, that it was possible to effect a good deal of rabi 
irrigation, by May 1901 tho systom was still further advanced. Tho net result 
was that the scheme gave a return of 11 to 16 ppr cent, two years before any 
revenue bad been allowed for in the forecast. The paper shows that the work 
was a considerable one entailing 52 miles of widening main canal, 40 miles 
excavation of new branch, 220 miles of distributaries and 20 miles of drainages. 
The work done comprised 1,585 lakhs cubic feet of dry earthwork, 1 lakh wet 
earthwork, 3 lakhs of concrete and 51 lakhs of brickwork. 

Ono of tho initial stops was to seouro the sorvicos of a civil officer to 
obtain possession of the land. This nrraugomont saved an immensity of 
trouble and prevented any interruptions in tho progress of the work. 

No discussion arose. 


Mr. Ivans' paper on Injury to the Ilindun Dam. 

Mr. Marsh said : — The question raised by this paper is similar to that 
already discussed in connection with the papers on the Narora weir and Nadiai 
escape failures, namely the use of double sots of wells without sufficient pro- 
tection. 

The Ilindun dam was built in 187-1 and consisted of wonderfully strong 
brickwork and concrete. The Superintending Engineer would not allow any 
pitching except downstream. In those days they were not afraid of leakage 
from upBtroam. 

During its construction an officer was appointed Executive Engineer who 
bad no reputation as a scientific man, but ho had good common sense, and ho 
pointed out, that the dam was in a dangerous place, just below the railway 
bridge. When the big flood of 1880 occurred, which wreoked Naim Tal and 
other places, the discharge of the Ilindun river was four times what had been 
estimated as the maximum and ran 80,000 cusees. Tho flood was headed up 
at the railway bridge and scoured terrific holes, above and below the Hindun 
dam. The floor was left as shown on Plato No. 50, concrete being absolutely 
unsupported. The usual remedies of stock ramming, puddling and pitohing 
were adopted. It has worked thoroughly well since, and has never given 
trouble. 

Mr. Johnston, said : — That one of the remedies carried out to the Chenab 
canal weir was to place stone blocks with 3 inches spaces between them filled 
with puddle to nitbin 4 inohes of the top of the blocks, this last 4s inohes was 
filled with concrete ; this made the concrete protection ot the puddle flexible. 

Mr. Marsh objected to blooks over puddle as lie thought the blocks go 
through the puddle ; that was the objection to the Narora protection ; 
Mi\ Johnston said the blocks at Khanki had been in position for 7 years and 
had not suffered. 



Mr. Benton approvod of blocks over the puddle, in the upstream 
aprons it is necessary to protect the bed. In the cose of upstream aprons 
there is a current of quick velocity and an impervious coat is granted to 
prevent anything going wrong with the puddle beneath. In his opinion there is 
danger of the blocks sinking into the puddlo, and to prevent this ballast should 
be put over the puddlo. He doubted if there would be trouble if the concrete 
were laid monolithic. 


Ur.. Marsh's paper on Automatic Paddling of Channels. 

Mr. Marsh apologised for the egotistical form of this noto, hut it could 
not he avoided, ns it is an epitome of his own personal observations, and 
experience. 

Up to late years the subject touched upon, was thought a very 
insignificant one. Quite recently he came across his own personal file in the 
Secretariat, and found in it a remark to the cITect, that though he was a good 
Revenue Officer, he took little interest in Engineering. The writer had formed 
that opinion, because Mr. Marsh had worried himself in trying to find out the 
best gradient for distributaries. 

Mr. Kennedy computes that the lo«s of water in ohannols amounts to 50 
to 60 per cent, of that entering the head, therefore Mr. Marsh thought the 
subject is a very important one, and moroover that the problems of storing 
extra supply and of carrying volume from one doab to another might be greatly 
reduced if more were dono to economise the onormous losses in existing canals. 
This has been put very plainly and ho drew attention to the seoond page 
in which different sections of distributaries resulting from the different 
gradionts arc given. 

It might be urged that velocity must depend largely on hydraulic mean 
depths, but there is usually much the same proportion between depths and bed- 
widths; Mr. Kennedy has given very good proportions for ohannols, and Mr. 
Marsh thoroughly agreed with them. 

As regards flat slopes, Mr. McLeod has constructed more distributaries 
than any one in the United Provinces, and ho approves of oven flatter slopes 
than Mr. Marsh did, going as low as '48 foot per mile. 

He thought one difficulty in discussing the question of automatic puddling 
is that the discharges are so incorrect, this he said with all deference to 
Mr. Maconchy, e.g., take a discharge at mile 3, and again at mile 10 of a dis- 
tributary, and though no water was passing out of the channolinto the water- 
course in that length, it is quite probable that there would ho very little differ- 
ence, if any, in the two results. This is because the system of taking dis- 
charges is Wrong. Mr. Marsh hoped that the proposal to grado with flat slopes 
would bo criticised freely ; his idea is to give the water a chance of making a 
watertight perimeter, where a branch takes off from tho main canal, careful 
regulation should ho employed so that the water enters quietly instoad of 
tearing up the bed. It will have tho velocity givon by Mr. Kennedy’s diagrams 
fora mile or two, then after a good start no trouble will be experienced from 
silt. 

. He did not think that a slow velocity induces weeds as is commonly believed,' 
In Rohilkliand he found ohannols full of weeds, although the bed slopes ran as 
high as 4i feet and 5 feet a mile. 

Mr. Bion can testify to the improvements in keeping cliannols free of silt 
introduced on tho Eastern Jumna canal ; they have been very successful nnd 
have been tho moans of a largo saving of expenditure. 

Mr. Marsh said Mr. Laurie, Executive Engineer, sent the following 
remarks on the subject:-— 

Proofs of Automatic Puddling, collected by Mr. A. G. TjAVP.it,, Executive Engineer. 

Approach channel , Baldi aqueduct. — -This channel is 700 feet long nnd in very high 
embankment nearly all the way, its maximum height being 20 feet nbovo ground level. It is 
compered o£ almost pure gravol and small boulders, with outer slopes at 1 to 1 pitched with 
boulders. Water first admitted towards end of August 1908, wlion the loss actually calculated 
from discharges was 27 por coat. It was run almost the wholo of September, but there were 
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few muddy floods during that month, and the diminution oC percolation was 4 per cent, or 
5 per cent. only. On 2nd April 190 1 a fresliot oamc down, and advantage was taken o£ it 
to run a supply through this channel, and the loss immediately fell to 9 per cent. It has run 
continuously sinou then, aud discharges taken on 6th June showed a loss of only 7 per cent,, 
and ono taken on 27th July current year gavo 1‘8 por cent. loss. Tho process going on is 
no doubt one of conglomeration, of which numerouG evidences, in the existence of lingo blocks 
of a sort of natural concrete, aro to bo found almost orery where in tbo Dun torronts. 

Balawala and Natltnaioala minors . — Tho first mile of these channels runs in nn old 
excavated channel, wliioh was given up na hopeless some 12 or IB years ago. Tho bod and 
sidre consist of boulders, from a owt. to a ton in weight. The original bed had a very rapid 
slope, which prevented any deposit of silt ; this was flattened by introducing falls at every 
hundred feet or so. 

On first admitting water in Juno 1903, a dischargo of 18 cusccs did not roach beyond 
the first furlong for 3 days. The process of natural puddling was all this time going on, and 
gradually tho water reached farther and further. By the 25th August 1903 the lies over tho 
wholo length of 9 furlongs, with a dischargo of 1 8 cusccs at head, was only 24 per confc. This 
channel lias' been run, whenever supply admitted of it, during tho rail, and again since the 
rains have broken. Tho loss in the total length of 9 furlongs is now only 9 percent. In addi- 
tion to filling up the interstices under ground, a deposit of ono foot thick has been formed all 
round tho wotted perimeter. The channels wore dug ono foot wider and deeper to allow for 
this deposit. 

Lahhaivwala and Fatcpnr minors . — These channels are now quite watertight. • 

Mr. Kennedy thought the Punjab aud United Provinces Engineers 
generally agreed; but that the latior go further than the former. 

Mr. Preston said that at an early stage of the discussion he would like 
with Mr. Marsh’s permission, to circulate the section of a channel ho has 
recently sent up to the Government of India for sanction. Mr. Marsh has in 
it oarried out his theory in tho case of a largo canal carrying 1,700 to 2,000 
cusocs. Tho interest in the section is the number of 1 foot falls which Mr. 
Marsh has introduced, and this is certainly an exceptional grading for a large 
canal ; it certainly shows that Mr. Marsh 1ms tho courage of his opinions not 
only for distributaries, but for canals. Besides tho lining of the clmnnol with 
silt there is another reason for which this was done. It will ho Been there 
is an extraordinarily shallow depth of clay, it varies from 4i feet at tho head of 
the canal to 7 and 8 feet lower down. Mr. Marsh wishes to keep tho grading 
of the bed within the clay so as not to out into the sand, to do which would 
increase tho percolation. Mr. Preston was bound to say he bad never seen 
any large branch of a canal designed on similar lines, and ho thought it 
exemplified Mr. Marsh’s contcntiou bettor oven than tho papers itself. 

Mr. Netliersolc said he drew up the project ; the slope given is Bimply 
one that will provide velocities that are considered proper for the main canal ; 
canals that have been made since with slower slopes are found to work satis- 
factorily. 

The reasons for adopting the series of falls were ; firstly the ono 
Mr. Preston had first given, vie., that there was great objection to going 
through that clay anywhere, and secondly because outside excavation to make 
up hanks was avoided. One of the objections raised to tho canal under 
consideration was the high spring level. 

Mr. Marsh said he had plenty of instances to justify the grading 
proposed ; the Agra canal for 32 miles had a grade of half a foot in a mile, 
i.e., *5 in 5,280 only aud it is in perfect condition, and tho distributaries 
taking out of those 32 miles aro not troubled with silt at all, because the canal 
is going smoothly and is not tearing its bed and hanks and providing silt to 
deposit in tho distributaries. Below milo 32 tliero is a good deal of silt clear- 
ance. In the Eastern Jumna canal lieadreach tho water goes over boulders, 
a two-anna bit can be seen in 5 feet of water ; when it gets into reaches with 
rapid slopes of 1 foot and 18 inches a mile, the water becomes very dirty 
showing the amount of stuff it has scoured on tho way. Mr, Marsh believes 
that a groat deal of tho trouble in canals is due to the water going too fast. 

On tho question of Government taking charge of small channels 
Mr. Nethersolo wished to say a few words. In the Northern Division there 
were four zeiniudari watercourses, which were graded at slopes of 10 feet 
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and 12 feet a mile ; tlie aggregate discharges were 42 cuseos ; they were taken 
up and converted into Government channels by the interpolation of shallow 
falls. He went very carefully into the statistics of the irrigation they were 
doing both before and afterwards, as well as the discharges and found there 
was saving in volume, of 40 per cent,, and a considerable increase in the area 
irrigated. 

The minors also improved, as eventually the channels got lined with a 
waterproof eont ; hut the chief thing has been the economy in the water. 

Mr. Benton agreed generally on the point under discussion, but thought 
it should ho proved that the gi’.ading proposed is cheaper than that usually 
adopted before it could be said to ho better. 

Referring to the silt in channels with flat slopes, Mr. Bion said there is 
the Baruli distributary in which for 21- years tho first two miles had a Blope of 
l’GO in 5,280 dropping to 1-2 in 5,2S0 ami then to -8 in 5,280. Up to the time 
lie left, it had run for 2-1 years and there was no clearance whatever either at 
the top or the tail. 

Mx\ McLeod stated that since tho remodelling had been done the cost 
of maintenance was very much less, and percolation had ontirely ceased. 

There was no discussion on Mr. Kennedy’s paper on distribution of water 
by measurement. 

Mr Hill's paper on Distribution oficatcr in the Deccan. 

Mr. Hill in introducing his paper on distribution or water in the Deccan, 
said : — It has been argued that fclio distribution of water from a tank is not the 
same as from a river, where the supply is flowing ; it seemed to him that 
the principles of distribution are the same. 

He did not think tho present Bombay practice is right, they don’t dis- 
tribute tho water unless it is applied for ; so that if it is not all applied for it 
is kept in’ the lank and wasted. Ho maintained that the whole volume of the 
water in the tank should he used every year ; the system of distribution 
should he worked out in precisely the same way as from a river, the water 
should ho allotted for certain crops, whether it is used or not, the people would 
soon got used to the system ; an economical system of distribution should he 
provided which should bo worked to. He said the people do not apply for the 
water, because they are not confident that it will be there. No system of 
watercourses is provided in Bombay. There is a keen demand for water for 
sugarcane, hut for tho irrigation of cane the cultivators have to expend largo 
sums; and until they are certain, they will get the water they w r on’t lay out 
any money. The cliargo for sugarcano is up to Its. 40 per acre, and still 
iliera is a greater demand for water than can ho supplied. 

Referring to the paper on Bandhnra irrigation in Nosik, Mr. Hill said 
these works were in existence before the Public Works Department was created. 
The supply from them is not nearly as good as from tanks. 

Mr. Marsh enquired if it would load to an cxlonsion of irrigation, if tho 
water rates wore cheaper. 

Mr. Hill. — 1 don’t think it would. 

Mr. Marsh. — W c want to make reductions for rico and sugarcane. ■ 

Mr. Hill. — It is a great mistake to reduce rates for rice. 

Mr. Marsh said ho had just proposed an alteration of tho existing rates on 
the United Provinces canals, thovo is a splendid volume of watei’ available at 
Narora, whon tho snow melts in tho hills in May ; hut still thore is. a very small 
return from kliarif irrigation on tho Lower Ganges canal. Since indigo went 
out of cultivation there has been no corresponding development of cotton, rico 
or maize, except in a dry year, whon the monsoon fails. Ho was quite sure 
that tho revenue will increase immensely if tho rates for sugarcane .and rice, 
and for tho kliarif crops generally are reduced on this canal. The scheme has 
been approved by the Board of Revenue, and tho Lieutenant Governor. A 
demand for water during the rains will be a great gain, because during' the 
floods the muddy Ganges walor can he passed into the distributaries ; the water 
is ordinarily very clear at other seasons and does not provido the sediment which 
is so valuable for staunohiug the channels, 
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Mr. Preston said -It stands to reason, that the rotes imposed must vary for 
tho differing circumstances of different canals. On tho Western Jumna canal in 
the Punjab tlio Lieutenant Governor reoordcd a note in 1890 in wbioh he said 
that it would be proper to raise largely the rates for sugarcane, because tho large 
quantity of water required for that crop hampered therabi irrigation. 

In the Karnal and Dolhi districts this crop has been said to be the sheet 
anchor of tho cultivators, and yot they only pay a rate of Its. 8. When he was 
Cliiof Engineer lie had proposed to run it up to Its. 12 as in that particular case, 
it is desirable to choice off its cultivation to a certain extent so as to set water 
free for tho extension of rabi cereals which benefit so many more of the culti- 
vators. Ho bad heard sugarcane described by a ceroals engineer a 9 “ a noxious 
weed.” The case of the United Provinces is different. In that case there is 
ample water, but no demand added to which it is desirablo to bring tile silt in 
the channels. It therefore seomed to Mr. Preston it was impossible to generalize 
or to say that tho rates charged in ono place woro too high or too low because 
they wero different olsowhcro. 

Mr. Visvesvaraya said that near Poona a prohibitive rate for sugarcane 
had been put on, hut the conditions prevailing justify it. 

Mr. Hill remarked that tho works in the Deccan arc protective, but 
tlioy do not get full credit for tho benefit tlioy really are. Thus when they arc 
made, the value of land goes up largoly. Land originally worth only Rs. 2c 
an acre has beon valuod at considerably over Rs. 100 since a Government 
irrigation work has been made, and ho thought thoro ought to bo some way by 
which the canal or tank could got aredit for this increase. 

Mr. Marsh enquired whether some notion will not bo takon at the 
quinquennial settlement, but was informed that tlio settlements in Bombay 
are for 30 years ; continuing, ho snidin the “ precarious” tracts of Bundclkliand, 
a system of quinquennial settlements has beon introduced whereby a share of 
the* profits of tho land owners from new works which they obtain by increased 
rent of land will come to Government, when tiio valuo of tho irrigation hns 
made itself folt. Tho whole or some portion of this increase in land revenue 
will be credited to the works. A reference to tho Irrigation Revenue Reports 
shows a large item credited to tho indircot receipts of tho canals amounting to 
something like 30 lakhs in the Unitoil Provinces. Tho Lieutenant Governor 
of those Provinces has devoted much attention to this point, and lias decided 
that in the case of futuro small protective schemes, it is to tlio indirect profits 
in the form of stability of land revenue, and possibly its enhancement, that 
credit must he looked for. 

Mr. Preston thought that was not quite tho point. lie said that when 
land was taken up on the Swat river canal in 1870. not moro than Its. 5 per acre 
was paid for it. Jsow the valuo has run up to over Rs. 150. Mr. Hill con- 
siders that the Government works should obtain credit for some share of the 
increase of Its. 145 which lias accrued to tho land owner. The question is 
how is it to be got ? Mr. Marsh thought it would come in at the quinquen- 
nial settlement, hut Mr. Preston said the Government docs not, as far as Le was 
aware, got any share in tho increased capital valuo of the land. 

Sycd Jailer Hossain submitted the following note on a similar point. — 

In Gwalior State there are three hinds of email tanks : — 

(1) Submerging' tanks; 

(2) Submerging tanks with rice fields outside them ; 

(3) Small reservoirs. 

In depressions, where there are ridges on two sides, low liunds, with scouring sluices, are 
erected from ridge to ridge to hold water in order to submerge tlio land on tho upstream side- 
In the month of October the tank water is let out through the sluice to the neighbouring 
drainnge. Tlio land which had been under water is then sown and yields very good rabi crops 
without any further watering or manuring. Tho manure is supplied by the cattle which graze 
over the catchment area throughout the year. 

Those tanks cost very little, and yield n very largo profit on the outlay, sometimes when 
the gradient of the ground is not very steep the crops yield up to 20 per cent, on outlay. 
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&• In places where there is suitable land for rice cultivation helow the bund, one or more 
sluices are provided to irrigate the rice ^fields. The tank water gives three advantages to the 
rice crop (1) manure ; (2) a crop of grass’; (3) irrigation. 

The rice fields arc surrounded by banks from 1 to 2 feet in height. After the first shower* 
when the tank has filled sufficiently, the cultivators plough the fields and fill them with tank 
water, and keep them under water for 4i or 6 days, so ns to drawn all the coarse grass. Then 
seed is sown, and after 3 days when it is about to sprout the banks are cut, and the water 
drained off. The whole process takes from 7 to 10 days. During this period, if there is no rain 
the fields are kopt brimful with water from the tank, to supply the deficiency caused by evap- 
oration and percolation. 

If the rains arc favourable and regular, no more irrigation from the tank is required until 
October, wkon one or two waterings are given to bring the crop to maturity. In October 
the balance of the storage is let out tlirongli the sluice, and the submerged area yields a very 
good rabi crop without further watering. 

In years of scanty rains, the rice crop generally fails, but the rabi crop is assured. In a 
year of drought no rice is sown, and the rabi crop is precarious except in the lowest part of 
the bed of the tank. These reservoirs are also very useful for raising the spring level in the 
wells. In rock}' ground, llic spring level is often so low, that well irrigation is impracticable, 
hut in the course of three or lour years after the construction of a tank, the spring level will 
bo found at a reasonable depth. The least catchment area which is required for a very small 
tank of this kind is one square mile, provided that its soil is impervious, and the gradient 
is sleep ; otherwise five square miles will hardly be sufficient to fill a tank having a sub- 
merged area of 600 acres. Five inches of rain with an intensity of I inch per hour, will 
suffice to fill a lank of this size. 

3. The third kind of tank arc regular reservoirs. In places whore the sites aro favour- 
able for impounding a large quantity of water on uncnltnrablc ground, reservoirs arc made 
with comparatively high bunds, and the water is stored to irrigate rice and rabi crops, through 
small field channels. 

• There is yet another kind of tank. The country being billy the rivers and drainages 
arc very deep and a large area of land is consequently covered by ravines formed by the rnsh 
of the surface water into the drainages, this is denuding the land yearly of its good soil and 
converting it into bad broken ground. 

Sir Miclmcl Eiloso, Ike Chief Secretary to llic State, lias constructed a number of bund 
across the drainages so as lo impound water in the ravines . In the first few years very little 
land was submerged, hut in course of lime the ra vinos became silted and the water spread 
over live adjacent land and gradually reclaimed a large ( racl of the ground. Thus the cutting 
hack action of the ravines was totally slopped. Ill's Highness the Maharaja Scindhia takes 
a most practical and useful interest in irrigation works in his country and has lately amplified 
this 63 'slera to a considerable extent. 

Exact figures cannot bo produced to show the productive value of these tanks, as no records 
are kept. His Highness the Maharaja wishes to cncourngo llic cultivators to fully utilize 
these tanks and has been pleased to command that no water rate should be assossed till the 
next settlement. 
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FRIDAY MORNING. 


The papers considered on Friday morning, 9lli September, were — 

35. Mr. Kennedy’s pnpor on Remodelling of Iriigation Distributaries. 
3G. Mr. Johnston’s paporon Remedies Being (Carried Out to tlio Siswan 
Snperpassago, Sirbind Canal . 

37. Mr. Kennedy's paper on Lessons to be Learnt from Sirbind Canal 
Silt Troubles, with note by Mr. Gillmon on Arrangement of Gatos 
at ELupar Head Regulator. 

' 38. Mr, Kennedy’s paper on Value of “N ” in Kultcr’s Formula. 


Mr. Kennedy's paper on Remodelling of Irrigation Distritwtai ics. 

Mr. Marsli, with reference to wliat has been said about the necessity of 
increasing our staff, if the largo village watci courses are taken over as 
Government minors, said he thought any Executive Engineer would say 
that tlio work has docrcascd sinoo this has boon dono. Speaking for liim- 
solf, ho must say ho would rather hold a division now than 20 years ago, when 
ihero wero very few minora and the loss by closing outlets periodically was 
considerable and there wero cons! ant magisterial trials. There are very few 
instances now of Gelds baing starved for want of water at tlio tail of a water- 
course. 

Mo had road the paper on ilie result of Mr. Kennedy’s remodelling of 
the Western Jumna canal ; it showed tho troubles that resulted from the 
romodclling ; ho thought every roport should deal with tlio disappointments 
as well as with the happy results that follow from improvements. 

Mr. Kennedy said tho report referred to was premature, being written 
before the work was completed. 

Mr. Marsh, continuing, said in some of the minors the water evidently did 
not get to the tail and yet, too much w as lot in at tho head ; ho thought that 
was a result not of Kennedy’s system, hut of tho improvement not being 
sufficiently nursed at tho beginning. Probably Mr. Kennedy was trans- 
ferred or there was some reason of tho kind ; alterations of this kind require 
a great deal of nursing aud watching in order (o eliminate the angularities 
and faults. Mr. Kennedy has fixed the factors much higher than he 
(Mr. Marsh) would do ; on tho Western Jumna canal it is taken as 150 acres' 
per cusoc. On tho Eastern Jumna canal tho distiibutarics of which liavo 
boon remodoUed, it lias been taken at 110 aores per cuscc, hut then ho found 
that tho 150 acres is for both seasons ; so it would como to tho same thing. 

As regards discharges, the only thing ho had to say was, with all defer- 
onco to Mr. Konnedy who is a great mathematician, that he had very great 
misgivings as to tho accuracy of any discharge. 

Me did not know whether any gontlcman present had over takon a 
discharge above a trifurcation ; ho had dono so, both with rods and floats and 
had always found Bazin’s coefficient correct. Mr. Kennedy in paragraph 6 of 
his paper had advised the construction of profile walls, Mr. Marsh did not 
think thoro was anything on which so much money had been wasted as on 
these; it is doubtful w bother thoro is any certainty as to (ho actual dis- 
charge required ; in a given channel it may bo necessary to increase or 
decrease that allowed at first, then all tho calculations are thrown out, and if 
profilo walls have boon put in, it is impossible to alter beyond a certain point. 
Cultivation may change greatly on a new distributary and again the calcula- 
tions are thrown out. 

Mr. Konnedy said tho paper under discussion only applied to remodelling 
old distributaries, and there profile walls had always beon found in. the 
Punjab oxtromely useful ; ho would not put thorn into any now distributary. 

C74 n t a. c w 



Mr.- Marsh . "thought this should bo clearly shown or it is apt to he 
•misleading. Referring to tlio remark in the paper regarding how the outlets 
should be built, lie said it was a subject in which there had been a groat deal 
of trouble and the United Provinces 1 engineers had come to the conclusion 
that anything in the form of masonry would not do. 

He said they now use long castiron — pipes, and find them cheaper than 
anything else; they can he bought in the market 10' long and can be made 
watertight ; they can he put in at any required level, and if anything goes 
wrong with them or a change is required it can be effected with ease. He 
added that since they have been in use there has boon no interference in the 
outlet by the villagers. ; Mr. Kennedy has touched on the subject of dividing 
fiolds into plots. Years ago, Canal Engineers worried themselves a great deal 
about them, but bo found the distributaries wanted so much remodelling that 
he had stopped it. 

Mr. Kennedy agreed that castiron pipes would bo very good, but very 
costly. 

Mr. McLeod said that lie bad made outlets of from 4" to 6" diameter o£ 
-castiron pipes and that he believed the difference in cost of masonry and 
cast-ron pipe outlets was Rs. 300, for a whole system in favour of masonry. 

Mr. Notliorsole said that wliat struck him after reading Mr. Kennedy’s 
papers and others on the subject such as that on the financial results of the 
Deoband branch. Upper Ganges canal, and the other on certain drainage 
cuts, is that alter all the science of irrigation has not advanced very much. 
A great advance has no doubt been made in the distributary systems by the 
abolition of tatils and that tho running of ohannel9 alternately with their 
designed full supplies has led to economy. He did not think we had profited 
as much by experience as we might have done. Thus, on the Jamaro canal, 
which was designed and constructed comparatively recently, the same mistakes 
are found as have been recognized and written about on tho Upper Ganges 
canal ; he referred to the steep bed slope and consequent soour. It is a very 
groat pity as the same bad results bare necessarily followed. 

Passing on to watercourses, so far ho thought no advance at all had 
been made. He was not sure that the matter bad boon gone into in the 
right way; desultory experiments have been made as officers have only been 
able to do thorn in the midst of a great deal of other work; nothing compre- 
hensive has been undertaken. If experiments in these directions were made 
systematically under a trained man, some definito information would bo 
obtained as to wbat loss in tho present efficiency it would bo possible to save, 
he thought such experiments would be well worth their cost to Government. 

He bad puddled a watercourse a9 an experiment. The difficulties he 
found were in tho observation of discharges in such a small volume of 
water ; it seemed to him that is the difficulty in deciding what advantage 
is to he got from making channels impervious. 

Next as regards Kiaris, when ho first came to tho country it was an 
important part of his duty to write about the difference in the increased 
duties in certain fields ; that has been since given up, and he thought that until 
tho distribution is in a more efficient state that part of a canal officer’s duties 
might well be dropped. 

Recently, ho made the whole of his revenue establishment undertake 
a very practical experiment, tho orders were .for each man to go to a water- 
course, and having selected a dozen fields of equal size or a single field divided 
into two equal parts, then when tho head on tho outlot was more or loss con- 
stant to make observations as to the irrigation of one field with, and of one 
without, Kiaris. Many observations were made and the not result showed a loss 
of water of 30 per cent, in the fields in which there were no Kiaris. Ho thought 
that this loss is entirely avoidable. 

He wished Government would sanction an experiment on a given minor 
with a view to testing what duty can ho got out of a given discharge by an 
officer actually doing tho irrigation himself. This would give positive proof 
what volume could he recovered of the water at present lost. 

G. 2 
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Ho would put an. officer on special duty. IE the experiments were carried 
out systematically throughout a whole year or harvest, it would be seen what 
duty could he got out of the water. 

Sir. Preston said he was glad to bo able to inform the Conference that 
at his suggestion the Goverment of India have already done the very thing 
wliioh Mr. Netliorsole asks should be done and that this was the main reason 
for Mr. Kennedy's transfer from Bengal to the Punjab. 

Mr. Kennedy has been given an absolutely free band as regards the 
establishment and money required to ascertain — 

(1) the loss which Mr. Nether sole complains of : 

(2) whether in any way he can make the watercourses and subsequently 

Government channels watertight. 

Unfortunately Mr. Kennedy's return to the Punjab took place just at the 
beginning of the hot weather; and it is behoved ho has not boen able to do 
much as yet but much may be looked for next cold weather. Mr. Preston was 
thoroughly confident that the experiments cannot be in better hands and that 
by the autumn ■ of 1905 engineers will havo the information which Mr. Nether- 
solo thinks they should possess. 

Mr. Nethersole agreed that the experiments could not bo better entrusted 
and Mr. Kennedy thought similar observations might ho done in the United 
Provinces. 

Mr. Preston did not think so. It scorned to him. it would ho a mistake to 
have too many experiments, besides which establishment is desperately short. 
Certain results will bo obtainod in the Punjab and from those other Provinces 
will no doubt bo able to dcduco what will suit their needs. 

Much satisfaction was expressed by the meeting at the action of Govern- 
ment in this matter. 

Mr. C. A. White thought it would bo an advantage if, as a result of the 
conference, some standard practice were decided on for calculating “ duty of 
water." 

Mr. Buckley in his book on Irrigation states : " The duty of water is the 
area of crop which can lie matured by a given quantity of water.” 

Tho unit of quantity of water is usually taken as 1 cuseo, but the base of 
the duty should bo noted, i.e., tho number of days in which tho crop is matured. 
It is rarely noted iu how many days ono watering is given or the number of 
waterings. 

Again in calculating duty ono porson will include every day of the irrigat- 
ing season whether water was taken or not, while another will count only 
thoso days on which water was taken. 

In Bengal it is most usual to calculate the duly over tire wliolo season, 
taking every day whether water was taken or not, but tho duty is also 
calculated for ono watering of 15 or 20 days at the time of keenest demand. 
Again in some cases tho total discharge at the head is taken and In some that 
utilized only. ' 

It appeared to Mr. White that tho unit for tho base should bo either : — 

(i) a fixed arbitrary number such as 1, 10, 16, 20, 30 or 100 days, 
wbiobover may be decided upon, or 

(it) the number of days required for one watering — 

(а) for rice, this might be tho average least number of days in 

which 1 cusce would irrigate the area ; 

(б) for rabi, either as above or the total number of days in the 

season divided by tho number of waterings found necessary 
to mature the crop, say *3— =40. 

It might be possible to fix the bases for rice and rabi for each system of 
canals. 

The following rules are suggested. 
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f< Duty of' water ” to be the area of crop which oan be irrigated by 1 
cusec in X days for rice and T days for rabi. 

The duty to be calculated on the water utilized. 

It should be clearly stated whether the duty is calculated on tho discharge 
of the head sluice of the canal or the head sluice of the distributary, and 
unless one fixed base is adopted for the whole of India, the value of the base 
must invariably be noted. 

In Egypt the duty is taken as the number oE cubic metres required in 24 
hours for each fecldan (about 1 acre) of land* 

Mr. White understood that in tho Punjab tho rule is to take the duty as 
the area of crop which would be irrigated by an average supply of one cusec 
running full tirno. 

Mr. Kennedy said in the Punjab the rule is to take the duty over all the 
days the canal is open during the season or crop, lie thought this is, perhaps, 
as good a method as any, but all are imperfect, as the rain fall, duration of flow 
and tho number of waterings given to each crop arc alt important factors. 
Theoretically tho best unit would bo the value of “ delta ” or average depth of 
water' laid ou for each watering, during the crop; but not knowing the 
number of watorings this is impracticable. 

Mr. 0. A. White said the torm f< full supply factor n used in the paper is 
new to him ; he understood it meant the duty modified by “tatils ” and loss by 
absorption and is usually applied for the discharge required at distributary 
heads, and of course varies on each canal. 

Mr. Horn used to say that the Bengal Irrigation Officer is practically 
concerned with one crop only, vis., rice. Tho critical period for rice cultivation 
is towards the end of September and the first 10 days of October. Last Feb- 
ruary, he (Mr. White) was informed that tho demand for water for transplant- 
ing is sometimes as great as it is in October. It may be so now, hut it was 
certainly not the case when ho was on the Sono canals 15 years ago. In 
designing a new system of canals for rice cultivation in Bengal, no one would 
dream of designing the canals for a higher duty than 60 acres per cubic foot of 
gross discharge. In tho Sone tho duty at the outlet is taken at 80 acres 
for a period of 15 days, during five days of which the outlet remains closed. 
In tho Midnaporo district the duty is nearly 160 acres. If the Behari culti- 
vator would learn to do away with “ Niger ”f in tho middle of September, a 
duty of 80 acres per cubic foot of gross discharge would be possible. In 
Bengal the rabi duty has no value. 

Syed Jnffer Hussain thought much good might he done particularly in 
regard to economy of water if an attempt were made to teach the cultivators, 
who are quite ignorant, improved methods; some agricultural hooks have been 
introduced into villago schools but in these nothing is said about irrigation. 

The Opium Department are endeavouring to do so ; they have an annual 
gathering of opium cultivators ; appoint one man as tho head and then give 
instructions as to how to cultivate opium and encourage this by giving them 
rewards. 

If tho oultivators know how much they might benefit themselves by 
using canal water economically, and if they were directed in these matters by 
zilladars and other officers .from time to time, they would improvo in their 
methods. 

He also thought that the shutters of outlets should have some arrange- 
ments of looking which would prevent interference by cultivators and others. 


*Nofc— 

. S. Depth in incite!) = X 23'8 
V. Yolnmo in colic foot = -?? x 80,400 . 

X, Discharge in ottsccs = 

t “ It la a custom among tlio cultivators that during tlio period known as the Uttar Pliatgnni Nakslmtro, extend- 
ingjfrom the lltli to 34th Soptombar, the wntor mod for irrigating tho rico (whether canal orr.iiu water) is let oil or 
drained from tlio fields. Tho lands nro then dried. Tills drainago water is known a* nigar. It flowg.froin land on 
a higher level to adjoining lnnd on n lower loVcl. ” . 
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Mr. Kennedy observed that by tbe Punjab system outlets are nevet 
closod. "Whenever a distributary is open at the head all the outlets on it were 
entitled to take water if they desired to do so. 

Mr. Preston wished to make one remark with regard to what Mr. Nefcber- 
sole said as to there having been no improvement in the matter of water- 
courses ; ho joined issue with him on that point. 

The minute system of distributavies to the new villages formed out of 
crown waste land in the Punjab had been fully described in a paper published 
in Volume 1S3 of the Proceedings of the Institution of Civil Engineers, but even 
in the ease of old villages he thought a great deal had been done in recent 
irrigation schemes by accurately levelling the whole country, and by the 
Engineers aligning and grading the watercourses to be subsequently dug by 
cultivators. He therefore did not think Mr. Netliersole was right in saying no 
progress had been made in this direction. 

Mr. Netliersole said he was not referring to the alignment ; but to absorp- 
tion losses. 

Mr. Benton asked Mr. Kennedy to explain how he would arrive at the 
full supply factor in the ease of a new project. 

Mr. Kennedy replied that an assumption must he made that there is so 
much water, that it has so many days to run and the full supply factor must be 
deduced accordingly. In both cases (i.e., calculating for one crop or for 
both) there is a certain amount of assumption ; the assumptions as to the 
amount or relative proportion of kharif and rabi may not prove correct, as 
in the result that mostly depends upon the people and local conditions ; on the 
whole he would say it will bo best to simply assume that so much percentage 
of the commanded area is to he irrigated during the year, and leave the ques- 
tion as to how muoh of this will be in one crop and how much in another to 
the cultivators. 


Mr. Johnston's paper on Remedies Being Carried Out to the Siswan Super - 

Passage, Sit'hind Canal. 

Mi'. Kennedy said tlio Siswan superpassage lias given an increased amoun t 
of trouble and anxiety ; should it come to grief, tbe whole Sirhind canal would 
have to be closed for probably two years or so. 

The down stream 60 feet of tbe arobes have sunk bodily from 3 to 6 
inches, and threatened to cause tbe collapse of the arches. For a long time 
tbe cause was unknown, but now there is no doubt, but that it is duo to the 
“ pressure-head " of the subsoil water causing springs and snndblows from 
under tbe floor and inverts on which the whole structure is built. Since 
Mr. Johnston’s note was written more information has been collected as to how 
this underground pressure acts, by observing tbe level of the water inside stand 
pipes, fixed at tbe nose of each pier, abutment, and also outside the canal 
under the torrent bed. The results have all been plotted on a diagram (PI. 
No. 66) of wbiob a few tracings only are at present available ; and in order 
to understand the results the following notes should be read : — 

The diagrams showing the heads of pressures under tho foundations, which have been 
completed since Mr. Johnston wrote his note, require further explanation. 

Take the toircnt first the bed of which is shown ns a hatohed lino at E. _ L. 878'00, in a 
continuous diagram of daily records. The black patches above bed shews heights and duration 
of floods in the torrent, and it will be seen those only last short periods. The dotted line 
below the bed shews thelevels at which water stands in a bole dug in the bed of the nala close to tho 
deepest channel, i.e., where the flood lasts longest. To the side of this, at the torrent edge, the 
depth is usually about 2 0 feet lower j but neither of these are real spring levels, merely the 
seepage, from the floods trying to find its way down to the subsoil water. This it does very 
slowly as shown by tbe diagram, but 'rises at once when the next flood occurs. If a tube well 
be put down close alongside of one of theso holes, it shews a very much lower real spring 
water level ; 10 or 12 feet lower, two such tubes have been recorded since the 18th July and 
are shown on the diagram as “left well" and "right well” as observed on that date, 
and at every subsequent seven days’ interval. He position of these two tubes is about 150 



ieeb back from the abutment and nearly in the line of the stand pipes at the down stream nose 
of each, of the six piers and the two abutments; of which tlio pressure heads arc also shown 
by the same line. It will he noticed that tho real spring water level outside the canal, lias 
risen in the loft well (».e., loft of canal looking down stream) from 805*91 on 13th July to 
869*66 on 31st August; or nearly four foot; and the right well from 865*08 to 870*91, or 
nearly flvo feet. 

The chain dotted line shows the canal supply level ; tho canal bed being shown by 
hatched line as 854*43. 

It will be observed that as long as the canal is running fairly full (about 10 feel depth 
the head in the stand pipes is always about one or one and a half feet above canal level, and this 
oven on the 31st August, whcntlie spring water level outside the canal had risen 4 or 5 feet. In 
other words the upward pressure under the floor seems to he neariy or qnitc independent of tho 
spring water level outside the canal, though from both sides subsoil water drains into .tlic 
canal. The pressure in tho stand pipes Eocms to hare its source from deep down under the 
floor, and in fact this head may bo sometimes a little higher than the spring level just outside; 
(see for example July 13th and 20tli), though when the outside level rises it is considerably 
lower. 

Immediately, however, the canal snpply falls, the level in the stand pipes also falls which 
must mean an increase of spring from underneath tho floor, parti)* through tho cracks that 
still remain, and partly on tha canal bed, up and down stream. "What is chiefly to bo feared 
is of course tlic difference between the bead in the stand pipes, and the canal level ; this 
increases rapidly ns tho canal level falls, and constitutes the force tending to lift the floor and 
cause sand to blow up. With a full caual this head is only one, or one and a half feot, and 
with an empty canal, at the end of a long closure (see Slay 25th), with one foot of water in the 
bed, it is from 4 to 5 feet. This may he taken ns the utmost safelimit, seeing that tbe concrcto 
floor put down last year is only 2 feet thick, and would only need nbout 4 feet head to lift it 
bodily. To show tbe effect during the lime the canal is being closed off a separate dingram 
lias been drawn out, and though tlic canal level was only lowered nbout 54 feet in 9 hours, yet 
tho level in the stand pipc3 sank so much slower than this rate, thnt at the end of that time the 
head under the floor bad risen to the danger point of nenrly 5 feet, from its original figuTc 
of under 1*5 feet. This shews tho extreme danger that would ariso Front any very sudden 
c'osurc of the canal, by dropping all, or nearly all tlic bead gates at once. Tims, if it were 
possible in an emergent closure to lower the canal lovel in two hours from 10 feet depth down 
to say 3 feet ; the pressure head would probably be somewhere about 7*0 feet. 

It will be seen that the pressure at the different piers is by no means tho same, and the 
differences increase rapidly, the lower the canal is, t.c., tlic greater tho pressure head. The 
lowest pressures arc at pier No. I from tho left, and at the right abutment ; and tho reason can 
only be that there arc more springs finding an exit there than elsewhere. Possibly pier No. 1 
is connected underground by an old drain pipe left underneath, and lending towards tho new 
spring which burst up suddenly last May, down stream from the lino of piles. 


Mr. Marsh said ho had read this paper with great intcrost and desired 
to throw out tho suggestion that tho cause of tho trouble seems to b9 the 
inequality of the spring lcvol ; it rises and tails, and ho would suggest puddling 
the canal upstream ; he supposed half a mile could be puddled £or Its. 30,000 ; 
and a great deal more than that must have been spent. 

Mr. Kennedy did not agreo, ho said the troublo is due to tho pressure level 
beneath the foundations and that it would ho useless to puddlo tho bed as tho 
pressure comes from below tho work. 

Mr. Marsh observed that the pressure drops when the canal is closed 
which shows the canal has something to do with it. 

Mr. Benton. — Yes, an inverted filler downstream. 

Mr. Kennedy pointed out that as a matter of fact the pressure undor the 
floor is higher than the canal water level always, it falls with tho canal but 
keeps above it. 

Mr. Marsh on quirod if there was any record showing original spring levels 
and was told there is not, but it was much higher than it is now, because tho 
canal acts as a drain. _ 

Mr. Kennedy's paper on Lessons to be Learnt from Sirhind Canal Silt Troubles 

with note by Mr. Gillmon on Arrangement of Oates at Rupar Read 

Regulator. 

1 Mr. Kennedy said about 1803, the Sirhind canal threatened to silt up 
-bodily at tbe head, many romodies were proposed, somo wero carried out and 
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certain experiments on silt were kept up from 1893 to 189S ; the results are 
not generally known* and do not assist muck in a solution ; chiefly because 
all the finest mud or clay sediment* which does more good than harm, was 
inoluded in the observations while all that really matters is the sand. The 
main result which Mr. Kennedy has been able to deduce is that most sand 
is carried* not in the rain9, hut in the melted snow water before the rains. 

A classification of the various kinds of sand is also proposed based on 
velocity of fall in water ; and a form of sand-separator, utilising the same 
principle is given on Plate 58. 

An analysis of various sands in tho form of a diagram is also given, vide 
especially the results shewing that the sand in a river bed is really finer far 
away from tho hills. 

The principal interest in this paper, however, will probably he thought by 
most people, to lie in the proof, that a raised sill at the head of a canal is by 
itself of no use in excluding silt ; hut there seems no escape from this con- 
clusion ; and it is one which many people will think might have been 
expected. 

An inspection of the model of the canal head under sluices and regula- 
tor in the room, shows that the cliiof peculiarity in the latter is its high raised 
masonry sill and a moveable gate sill rising above this with the same idea of 
excluding silt. Mr. Gillmon has given a full description of these. 

Mr. Bonton fully agreed with Mr. Kennedy that it is most desirable 
to take off from a comparatively slack waterpool in the ease of canal head- 
works in very sandy rivers. He did not think it would ho advisable to 
dispense with a high crest wall ; in his opinion it is very necessary. And Mr. 
Kennedy admitted that wherever tho levels admit, it is certainly advisablo 
to put in a orest wall, in fact it will usually he necossary for other reasons. 

Mr. Johnston referring to tho remark in tho paper that raising the sill did 
no good, thought the statement might be put in another way. Raising tho sill 
by itself did no good, i.c., that taking fast running water over a raised crest 
means that just as much silt is taken into the oanal as if no raised crest was 
there. As a matter of faet, however, having the raised crest enables the still- 
water pond to he formed in front of the regulator if the undcrsluice gates are 
kept closed. The raised crest to the regulator together with proper regulation 
seems to have got over the silt difficulty in the main lino of the Sirbind canal. 
It had been found at the. head of the Sirliind canal ; it is absolutely necessary 
that tho regulation should be done at the right flank of the weir as much as 
possible. The Rupar weir is not a long one. The total length including the 
undersluices is 2,399 feet ; so that if regulation is done at the left flank of the 
weir the still water pond from -which the canal is fed would ;be somewhat 
disturbed ; and more silt would be drawn into the canal. 

He believed he w 7 as correct in saying that the silt difficulty is considerable 
at the keadworks of the Sone canals in Bengal and he would like to ask if 
the improvement to the undersluices suggested on page 42 of Mr. Buckley’s 
book, namely, dividing the undorsluices into two parts by means of a long 
masonry groyne with sluices at tho upper end of the left portion : so as to make 
a still water pond in front of the oaual regulator had been carried out ? 

At Rupar the water is held up 15 feet at the undersluices against 10 feet 
at the head works of the Sone canals. If Sone oanal undersluices were raised 
and higher shutters provided for the weir and the canal regulator provided 
with a raised crest like that on the regulator at Rupar, then he thought the 
Sone canals could be supplied with fairly clear water. And the silt difficulty 
overcome as it has been on tho main line of the Sirbind oanal. 

Mr. Stawell said, Mr. Buckley and he came to the conclusion that it 
would be necessary to draw the supply off as much as possible from still- 
water. Tho Sone gates are in two parts; as the flood rises kurrics are put 
in on the top of the lower gates, as it rises farther the undersluiees are opened, 
and when the river gets to a certain level all the weir shutters are dropped, 
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and the canal is closed and is not allowed to be opened again until at least sis 
of the undersluice bays are closed. 

Two years ago there was a largo demand for canal water ; it was 
impossible to get the canal shutters up and when I did so I got 2 feet of silt in 
one day. 

I said to Buckley I would not be responsible unless he gave mo authority 
to keep up the undersluioes as far as possible. 

I keep up tho weir shutters until there is one foot of water going over the 
top of them. 

Mr. Kennedy said, if the canal full supply level happens to he very 
mucli lower than the river level as headed up hy weir, a high crest must be 
raised, otherwise the waterway would be too great ; if the canal bed and 
water level were high, a low crest only is wanted. The ground silt is mostly 
deposited high up in the still pond. He agreed that it will usually be built in 
all head regulators, hut it is not essential, as far as the silt question is 
concerned. As a matter of fact, it did no good ns rather more silt went in' after 
raising the crest than before. The essental point is to have a comparatively 
stillwater pond in the river, from which to draw off supply. If the heavy 
silt is not deposited in this, and gets carried up to the crest wall, it will go 
over it and be carried with the water into the canal. 

. He did not believe that if the sill did not exist, the silt would necessari- 
ly be swept into the canal. 

If the silt . is deposited in the stillwater pond (sill or no sill), well away 
from the canal head regulator only clear water can possibly reach the regula- 
tor, and enter the canal. Once the pond gets silted up, or the velocity of 
approach is sufficient to carry forward the silt to near the canal head, a sill 
will have no effect in keeping Bediment out of the canal. 


Mr. Kennedy's paper on Value of '* N" 


in Kutter's' Formula. 


Mr. Benton said, it was found in the Bari Doab canal experiments, that 
the figure worked to 0’020 for large channels, and he would he inclined to 
accept it for a canal which is not in such good order, i.e., where the bed is 
uneven, the value works out to from 0*020 to 0*024. 

-The Chenab canal is a case where retrogression is going on and there the 
coefficient would he 0*024. On the whole he would recommend that 0*020 
might he taken for canals of large size and in fairly good order. It was safer 
to adopt a low than a high figure. 

Mr. Kennedy would have two values, one for large canals and another for 
small ones. 


Mr. Nethersole.— -Kutter’s formula is as follows : — 
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Mr. Kennedy suggests that the value of N as used in the Punjab, namely, 
0*025, is too high, 

In the footnote page 5 of Mr. Higham’s Tables this is also indicated — he 
states that in tho Punjab canals in good order it is often much less than 0*026 
and in a few cases it has been found to be as low os 0*016. 


A lower value of N would of course result in a higher value of O in his 
formula V = O^/rs. 

In the United Provinces the discharges are generally taken by rods which 
give the mean velocity direct without the application of a coefficient. The 
standard coefficients used in the case of discharges taken by floats are based 
on Bazin’s formula. 

A comparison of the actual coefficient between the mean velocity observed 
by rods and that observed by floats is generally made at the time of taking 
the discharges, and in the Northern Division Ganges canal lie found that 
the aotual coefficient was very often, in fact generally, higher 'than that given 
674 B & A C W h 
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in the standard tables. The result of several observations on distributaries 
carrying from 10 to 200 cuseos showed that it should be increased by from 
8 to 12 per cent. Bazin’s formula takes cognisance of variations only of the 
shape of the channel determining r, and in the degree of roughness of the peri- 
meter — Kutter takes also the variation of slope into account — but bis formula 
is an extension of Bazin’s rather than a correction, and for the range of 
artificial channels met with in canal practice, the results with 0*025 in Kufcter’s 
formula are practically identical with Bazin’s, vide the preface to 
Mr. Kennedy’s diagrams. 

The observations Mr. Nethersole had noted with regard to Bazin's 
coefficient for earthen channels support Mr. Kennedy’s suggestion that 0*026 is 
too high a value for N and for distributaries, the value suggested by him 
of 0 - 0226 which gives an 11 per cent- difference is almost correct. For 
all distributaries lie thought 0*0226 is correct. 

Mr, Preston said on the Rath branch of the Clienab canal which 
carries a discharge of 1,200 to 1,600 cuseCSi he had observations carefully taken 
which yielded coefficients equivalent to 0*016 and 0*017. The main canal 
was constructed for a supply calculated with coefficient of 0*025 while the 
branches wero calculated with 0*0225. The bedwidtli was estimated to have 
been 240 feet, but it has been constructed 250 feet, this with 9*5 feet of water 
and with an assumed coefficient of 0*025 givo a calculated discharge of 7,968, 
the actual discharge observed was, however, 8,320 for a 9*5 feet depth with a 
10*8 feet depth an actual diebargo of 10*730 cusecs was obtained whioh gives a 
value for N. of 0 018. 

His own opinion from the experience he has gained is that 0*020 for 
large channels is better thau 0*0225. 

Mr. Kennedy, concluding said the concensus of opinion appears to ho 
that for distributaries or not very large branch canals 0*0226 is the right 
value to assume and for very large canals 0*020 may safely be taken. 

At the end of this sitting Mr. Kennedy referred to his paper on Amerioan 
practice reproduced as*Teohnienl Paper No. 157 and made the following 
remarks. The objection to the Boar Trap pattorn is the cost, and the difficulty 
of getting the gates to startrising when there is no fall through tho weir. 

Personally he prefered the Drum weir, and would like to bear the objec- 
tions to the design on plate XII, he himself saw some objections to the method 
of fastening and keeping up the shutter, but this could bo got over. 

The sketch given is not by any means a final design in fact it is 12 or 15 
years old. 

It is designed to work, not by pressure from above tho weir in tho river, 
but from a small reservoir a few feet above the top of tho shutter. On Plate 
IX described on page 17, an idea is given for scouring out bed sand from the 
head of a canal, without wasting largo quantities of water in esoapes. It 
would only come in useful when proper grading to ensure all the saud being 
carried forward was not possible. There are no snob case in the Punjab that 
ho knows of, and they will always bo rare. Plate VIII shews an American 
idea, described at foot of page 16, for only taking in top water, but it assumes 
an immense amount of surplus water in tho river. 

Some conversation followed which W a s not recorded. 


Not reproduced* 
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FRIDAY AFTERNOON. 


Mr. S. Preston took tho chair on Friday afternoon when the following 
papers were introduced : — 

39. Mr. Visvesvaraya’s paper on Economy of Water in the Deccan 
Irrigation. 

40. Mr. McLeod's paper on the “ Debarred Area ” Scheme of theFatehpur 
Branch. 

41. Mr. Keeling’s Gate. 

Mr. Leather’s paper on Water of the Soil. 


Mr. Visvesvaraya opened with a fow remarks about the special conditions 
in Bombay. He said 1 acre of sugarcane required 8 to 10,000 cubic feet uf water 
each watering and as 24 waterings in all are given, 2,40,000 cubio feet aro used 
per acre for sugarcane. Six lakhs of cubic feet in a reservoir will give 2,40,000 
cubic feet in the field. Tiie loss has been roughly calculated, and may be taken 
at 20 per cent, in the lalce and the same in each of the canal and distributaries. 
A duty for sugarcane of GO acres, at the outlets is obtained. In the case of 
stored water, many precautions are necessary as it is very expensive. The cost 
of storing 1 cusec for 8 months is Rs. 10,000 to Rs. 20,000 and including 
distribution, between Rs. 20,000 and Rs. 30,000. 

Mr. Kennedy in discussing tho question of the modulo said it was very 
expensive ; but as sugaveano brings in a revenue of Rs. 4<> per acre, the cost 
of tho module would he fully justifiable in Bombay. It is- a choice between 
two evils. Mr. Visvesvaraya did not say his particular model should bo]adopted, 
any other that promised to ho successful might he tried. Objections have been 
raised to the module— 

(1) that the loss of head through it is too great. No doubt that is so, 

but the objection does not apply in tbo Deocan ; 

(2) cost of renewal of collapsible hose. 

This will certainly cause some trouble ; but the same material, canvas, is . 
used in pleasure boats and in various other ways and he did not sea why it 
should not be adopted in this instance. 

The principles lio has described in his note have mostly been followed 
on works for tho past 2 years there have been no complaints from cultivators, 
while formerly they wero frequent. 

Formerly on the Nira canal the Engineers considered that they, could not 
mature more than 400 acres of sugarcane, now 800 aores aro irrigated easily. 
The Irrigation Commission said that if the Nira canal could be made to pay S 
por cent, on its capital cost, tho greatest objections to spending capital on it 
would disappear ; this percentage has been reaohed already as the results 
of working on tho lines described in the paper. Two quostions in the paper 
have been raised. 

(1) He considered that in tho case of a tank, or canal, the supply should 
be distributed among the cultivators for irrigation and that the Engineer or 
Revonuo Officer should confine his attention to what they do not use. 

(2) Ho know of many tanks whore a supply of water is loft at the end of 
the hot weather and it is practically wasted, as in the hot weather there is 
very little demand for irrigation. Instead of allowing this wator to bo wasted 
ho suggested that in April it should be sold for any prico it may fetch. 

Mr. Nethcrsole said 20 per cent, evaporation in a storage reservoir seemod 
very high even if it is throughout tho year. 

Mr. Preston said evaporation cannot bo ostimatecl as a percentage of the 
volume, it depends mainly upon tho water spread. 

In the Central Provinces tank projects an allowance of 6 feet on the 
average water spread has been made. Whether 6 feet is right or wrong may 
be a matter of opinion ; it seems reasonable. 

u 3 
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Mr. Kennedy thought it varied from 6 feet to 9 feet. 

Mr. Mackenzie said there was a very good ohance of getting some reliable 
figures in a statement ho saw the other day. ' Lately there was no rain from 
November to March, all through Docember the level of the reservoir remained 
steady, so that there was no absorption, the reservoir was 80 feet deep. In 
J anuary, February and March t.hc level at the top surface of the reservoir was 
carefully measured and camo to 10$ incli for each month ; these are dry months ; 
that makes him think 6 feet is not enough. 

Mr. Preston was sorry there are no reliable data from the Central 
Provinces, hut arrangements have now been made that most careful statistics 
should be taken . Not only will tank gauges bo crectod and read every morning 
and evening so that tho loss.by absorption and evaporation can be arrived at 
for every 24 hours, but rain gauges will be put up somewhere in the catchment 
area, so that it will be possiblo to get somo idea of tho relation between rainfall 
and runoff. In the Central Provinces there will shortly he some very large 
tanks and the data it is proposed to collect should be invaluable. With refer* 
euce to what Mr. Visvesvarya said about tho use of all the water in a tank, 
that is also tho view wliieh tho Government of India in the Revenue and 
Agricultural Department hold most strongly. Mr. Preston could not remember 
what tho Irrigation Commission recommended, but was under . the impres- 
sion they hesitated to recommend that tho water of one year should be 
hold over on the clianco of its being required in the next. Mr. Preston 
thought the view of the Revenue and Agricultural Department was right 
because the prosperity tho people would derive from the use of tho water may 
help them to tide over possible difficulties in another year while if the water 
is allowed to remain in tho reservoir, perhaps there might ho no demand for it 
tho following year. 

Mr. G. White said in Jubhulporc and Nagpore reservoir gauges are rend 
every day ; in Juhbulporo the loss duo to evaporation amounted to '30 inches a 
day. At Ajmor there is a tank 25 feet deep and the measurements taken, 
there showed a loss due to evaporation and absorption of '30 inches a day also. 

Information on tho point will bo found in the annual reports if any one 
cares to look for it. 

Mr. Davidson said experiments lmd been made in tho Red Dill Tanks, 
Madras, and the result showed a loss duo to evaporation of G inches per 
month, that would be just 6 feet in tho year. 


Mr. McLeod's paper on the " Debarred Area " Scheme of (he Fatehpvr 

Branch. 

Mr. McLeod did not think there was much to say beyond wliat is 
recorded in the paper ; the principle was introduced more or less because thero 
was not a sufficiency of water at the time for the scheme as then proposed. 
A reference to tho Completion Report will explain what was intended and 
what was actually carried out. 

Tho Fatchpur branch lies entirely to the south of the East Indian 
railway, and as originally proposed it was intended to irrigate the whole of the 
country between the East Indian Railway and tho Ganges on the north ; that 
idea was abandoned because the percentage of' well irrigation was' large; in 
some villages over 10 per cent.; that meant that the canal would Ijb solely a 
feeder and that tho villages through which it passed would lmvc been debarred 
from irrigation. 

The result ns finally settled has not been a success; in two parganalis 
the well irrigation average is only 8 per cent, and in most of the other 
parg&nahs it is little or nothing. 

In Oawnpore the cultivators appreciate the value of irrigation; they 
are ready to pay three times tho schedule rato provided they get canal water 
in preference to working wells. Consequently tho scheme has been abandoned, 
it can only bo worked to keep out well areas and this would debar whole tracts ; 
to debar whole villages would be difficult because they are intermixed with 
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tlie general system of irrigation. It is also an ' objection that it introduces 
another form of oppression which it is well to keep . clear of . 

To some extent the people give the water to land that is protected by 
wells instead of to dry land. Mr, MoLeod thought they would take to their 
wells again ; they reserve wells for special crops. 

Mr. Marsh said this system of debarring land from irrigation was intro- 
duced with great dclat some 16 years ago and there has been a great deal of 
correspondence on the subject. 

It is impossible to debar plots in villages ; after trial it has been deoided 
to give up the attempt to do so. " 

Mr. Preston said his experience has been exactly the same; in the Punjab 
it was found impossible to keep water off the well lands. On the Bari Doab 
canal there used to be<a system called chakabandis of fixing an area attached to 
each well and if the cultivator took canal water on any of the fields in these 
blooks, he was charged unauthorized irrigation rates. 

In addition to the usual water, or occupiers, rates,' a water-advantage was 
levied on any field which took canal water in the year. This rate, which 
varied from Us. 1-4 an acre at the head of the canal to 8 annas or 12 annas 
at the tail, was assessed under the Land Revenue Act, not under the Canal 
Act and as the land attached to a well had already been assessed at wet land 
revenue rates at settlement, it was held that the water- advantage rate also could 
not he levied for irrigation on fields included in the well bloolt. This was all 
extremely complicated and the charge at unauthorized irrigation rates 
engendered such an enormous amount of ill feeling with the cultivator who 
rover understood the reason for it that long before the assessment system was 
altered the praot-ico of oharging it was abandoned. 

In the new projects recently submitted for sanction, Mr. Benton has 
proposed that no irrigation at all should be given in a considerable area 
traversed by one of the canals, on the grounds that the tract is already 
sufficiently protected by wells and thatitis a better policy to conserve the water 
for dry tracts in which well irrigation is impossible. Mr. Preston thought 
this was perfectly sound ; there can in his opinion he no objection to refusing 
irrigation to entire tracts which are sufficiently protected by wells, but it 
is most unadvisablo to refuse it to individual fields and needlessly worries the 
people. He was glad this was being given up in the United. Provinces. 

Mr. Bion explained that on the Pastern Jumna canal they drew up 
what they called “ oserbandis ” or time tables showing when eaoh channel was 
open and that the only way in which the principle could be got to work 
was by the cultivators acting as a check on eaoh other. 


Mr. Keeling' 8 gate. 

Mr. Preston explained the working of the gate, and asked Mr. Davidson 
if he could add to the information on the subject. He did not know 
that he could add very much to what Mr. Preston had said. They contem- 
plate building some high dams in Madras in which thoy will have to work 
sluices under very big heads. Stoney is not prepared to guarantee his 
gate for any head over 130 feet at the outside. Keeling designed this gate 
for use at a much lower level. He had received a tender from an English firm 
for its construction and the cost for a discharge of 3,000 cusecs works out to 
£10,600. It is of course so far only a design and- has not been tried. 

Stoney’s gates are very satisfactory for the heads of pressure for whioh 
they have been designed. 

Mr. Mackenzie said the gato looked complicated, but was not really so 
and he dilated on the technical and engineering features of the soliemc. 

As regards the expense he said a gate to work under a great head cannot 
he got for nothing, whatever kind of sluioo is used it will cost a good deal. 
A sluice to work under a head of 160 feet cannot ho compared with a low 
pressure sluice which is a comparatively simple thing. The expense of the 
- gates is a trifle when added to the cost of a largo dam. He thought there would 
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be a considerable demand in the near future for storage works in Madras 
and Bombay ; and tlio question of obtaining a satisfactory gate to work under 
large beads is a serious question and he would like to see some of the gates 
which are already in the market tested practically. 

Mr. Netlicrsole preferred the principle adopted at the Assouan dam 
in Egypt. 

Mr. Benton thought that before this gate is adopted a great deal more 
should he known about it and this seomod to ho tlio opinion of those present. 


Mr. Preston then said it only remained for him to bring this Conference 
to a conclusion, he lind not propared a set speech and had no intention of 
making one. He hoped that all hare felt that the trouble they hare been put 
to in coming so far has been repaid by the intercourse which they hare had 
with ono another. 

Looking through tlio papers which have heon considered he was certain 
all would acknowledge the great value of the large shutters wliioli are designated 
Smart’s shutters. Ho had not the slightest, doubt that., as he remarked before 
the consideration of tlio design at this meeting will bear fruit not only in 
the Punjab, hut elsewhere and that in the near future large shutters of at least 
40 feet span would ho introduced. What the ultimate limit of size will be it is 
difficult to say ; for himself lie does not altogether seethe advantage of the 
80 feet span which Mr. Mackenzie dreams of, and he felt rather inclined to 
think 60 feet will prove to bo a workable, or necessary, maximum. 

There had been a very interesting discussion on the design for the Sukctar 
superpassage, and the meeting is certainly indebted to Mr, Hill for the very 
valuable papers that he has contributed. 

He thought that upcounty Engineers had como to the conclusion that 
Mr. Visvervaraya’s module would not ho of much use to them due to the loss 
of head through it and to the cost : the circumstances in Bombay are different, 
as Mr. Yisvervaraya had pointed out at tlm present sitting. Personally he 
(Mr. Preston) did not think tlio first cost was of any particular matter. The 
loss of head wliioli would be necessary would certainly bo an objection to its 
use upcountry while the repairs, on Mr. Visvesvaraya’s own showing, would 
be considerable. 

Mr. Visvesvaraya had said that the life of tho hose which had been 
humorously called the “ concertina ” would be only three months, in 
Air. Preston’s opinion this is very much ngainBt tho design. Modules are not 
required by ones and twos, but by thousands and to repair thousands of 
“ concertinas " every three months would he rather a big order. 

Personally he did not think there is very much to be made out of lift 
irrigation by machinery at present. A lift installation ha9 recently been started 
on the Chenab canal by Lala Ganga Bam, who has rocently rolired from the 
Public Works Department. Government has given him a considerable conces- 
sion of land, and he is lifting water, not from wells and the subsoil, hut from a 
canal ; he has been given a tract of laud the level of which is something like 
0 to 7 feet above tlio canal water surface ; that is liis maximum lift, but ho has 
got an incxlimistiblo supply of water from the canal, and lift irrigation in these 
circumstances may perhaps do well, especially as he is charged reduced rates 
for the water. 

Ho thought tho outcome of tho discussion on Air. Marsh’s paper on the 
automatic puddling of channels was that every one was more or less in nocord. 
Before tho discussion he was under the impression there would have been 
more difference of opinion as the design of the canal which he had passed 
round is very different to anything heretofore constructed. 

Tho difference of opinion reduced itself to a question of decimals of a foot 
and on the whole there was gcnoral unanimity oh the subject. 

Mr. Preston was glad to find from soveral of the papers that Engineers 
have not been afraid to confess their failures. It is a trite saying that more 
is learnt from failures than from successes, but anyone criticising these 
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proceedings will not be sole to say tbat tbe Engineers assembled to blow 
their own trumpets or that they have been afraid to publish their mistakes. 

He would like to thank the gentlemen of the different provinces who have 
sent up the excellent models. 

In conclusion the President thanked Mr. Stanley, the Secretary of the 
Conference, and Mr. Burbridge, the Superintendent of the Irrigation Branch 
Office, on whom a good deal of the burden of the arrangements had fallen, for 
their services and by request of the members of the Confcrenee presented them 
with pencil cases as a memonto. 

.Mr. Benton desired to say a very few words. Many suggestive papers and 
papers on improvements of designs had beon presented and he thought all had 
derived the greatest advantage from thorn and especially from the discussion 
that ensued ; great benefit had also been derived from hearing the experiences 
of men working in other parts of the country and in the interchange of views 
in conversations outside the meeting. Mr. Preston did not wish to take the 
credit for initiating the Conference, but be was sure he was expressing tbe 
feelings of all present when be said they thanked him very much for the 
opportunity he has given them of meeting. 
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